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SECTION 21 0500 - COMMON WORK RESULTS FOR FIRE SUPPRESSION

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Above ground piping.

B. Buried piping.

C. Escutcheons.

D. Mechanical couplings.

E. Pipe hangers  and supports.

F. Pipe sleeves.

1.2 REFERENCE STANDARDS

A. ASME A112.18.1 - Plumbing Supply Fittings; 2018.

B. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing
Procedures; Welders; Brazers; and Welding, Brazing and Fusing Operators; 2017.

C. ASME B16.1 - Gray Iron Pipe Flanges and Flanged Fittings: Classes 25, 125, and 250; 2015.

D. ASME B16.3 - Malleable Iron Threaded Fittings: Classes 150 and 300; 2016.

E. ASME B16.4 - Gray Iron Threaded Fittings: Classes 125 and 250; 2016.

F. ASME B16.5 - Pipe Flanges and Flanged Fittings NPS 1/2 Through NPS 24 Metric/Inch Standard; 2017.

G. ASME B16.9 - Factory-Made Wrought Buttwelding Fittings; 2018.

H. ASME B16.11 - Forged Fittings, Socket-welding and Threaded; 2016 (Errata 2017).

I. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2012.

J. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2018.

K. ASME B16.25 - Buttwelding Ends; 2012.

L. ASME B36.10M - Welded and Seamless Wrought Steel Pipe; 2018.

M. ASTM A47/A47M - Standard Specification for Ferritic Malleable Iron Castings; 1999, with Editorial
Revision (2018).

N. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded
and Seamless; 2018.
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O. ASTM A135/A135M - Standard Specification for Electric-Resistance-Welded Steel Pipe; 2009
(Reapproved 2014).

P. ASTM A234/A234M - Standard Specification for Piping Fittings of Wrought Carbon Steel and Alloy Steel
for Moderate and High Temperature Service; 2018a.

Q. ASTM A536 - Standard Specification for Ductile Iron Castings; 1984 (Reapproved 2014).

R. ASTM A795/A795M - Standard Specification for Black and Hot-Dipped Zinc-Coated (Galvanized) Welded
and Seamless Steel Pipe for Fire Protection Use; 2013.

S. ASTM E814 - Standard Test Method for Fire Tests of Penetration Firestop Systems; 2013a (Reapproved
2017).

T. AWS D1.1/D1.1M - Structural Welding Code - Steel; 2015, with Errata (2016).

U. AWWA C105/A21.5 - Polyethylene Encasement for Ductile-Iron Pipe Systems; 2010.

V. AWWA C110/A21.10 - Ductile-Iron and Gray-Iron Fittings; 2012.

W. AWWA C111/A21.11 - Rubber-Gasket Joints for Ductile-Iron Pressure Pipe and Fittings; 2017.

X. AWWA C151/A21.51 - Ductile-Iron Pipe, Centrifugally Cast; 2017.

Y. AWWA C606 - Grooved and Shouldered Joints; 2015.

Z. FM (AG) - FM Approval Guide; current edition.

AA. ITS (DIR) - Directory of Listed Products; current edition.

AB. NFPA 13 - Standard for the Installation of Sprinkler Systems; Most Recent Edition Adopted by Authority
Having Jurisdiction, Including All Applicable Amendments and Supplements.

AC. NFPA 14 - Standard for the Installation of Standpipe and Hose Systems; 2016.

AD. UL (DIR) - Online Certifications Directory; Current Edition.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide manufacturer's catalog information.  Indicate valve data and ratings.

C. Shop Drawings:  Indicate pipe materials used, jointing methods, supports, and floor and wall penetration
seals.  Indicate installation, layout, weights, mounting and support details, and piping connections.

D. Project Record Documents:  Record actual locations of components and tag numbering.

E. Operation and Maintenance Data:  Include installation instructions and spare parts lists.
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F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.

1.4 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in this
section with minimum three years documented experience.

B. Comply with FM (AG), UL (DIR), and ITS (DIR) or Warnock Hersey requirements.

C. Valves:  Bear FM (AG), UL (DIR), and ITS (DIR) or Warnock Hersey product listing label or marking. 
Provide manufacturer's name and pressure rating marked on valve body.

D. Products Requiring Electrical Connection:  Listed and classified as suitable for the purpose specified and
indicated.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store valves in shipping containers, with labeling in place.

B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until installation.

PART 2  PRODUCTS

2.1 GENERAL REQUIREMENTS

A. Sprinkler-based System:
1. Comply with NFPA 13.
2. See Section 21 1300.

B. Welding Materials and Procedures:  Comply with ASME BPVC-IX.

C. Provide system pipes, fittings, sleeves, escutcheons, seals, and other related accessories.

2.2 BURIED PIPING

A. Steel Pipe:  ASTM A53/A53M Schedule 40, ASTM A135/A135M Schedule 10, ASTM A795/A795M
Standard Weight, or ASME B36.10M Schedule 40, black, with AWWA C105/A21.5 polyethylene jacket, or
double layer, half-lapped polyethylene tape.
1. Steel Fittings:  ASME B16.9, wrought steel, buttwelded, ASME B16.25, buttweld ends, ASTM

A234/A234M, wrought carbon steel or alloy steel, ASME B16.5, steel flanges and fittings, or ASME
B16.11, forged steel socket welded and threaded; with double layer, half-lapped polyethylene tape.

2. Cast Iron Fittings:  ASME B16.1, flanges and flanged fittings.
3. Joints:  Welded in accordance with AWS D1.1/D1.1M.
4. Casing:  Closed glass cell insulation.

B. Ductile Iron Pipe:  AWWA C151/A21.51.
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1. Fittings:  AWWA C110/A21.10, standard thickness.
2. Joints:  AWWA C111/A21.11, styrene-butadiene rubber (SBR) or vulcanized SBR gasket.
3. Mechanical Couplings:  Shaped composition sealing gasket, steel bolts, nuts, and washers.

2.3 ABOVE GROUND PIPING

A. Steel Pipe:  ASTM A53 Schedule 40 or ASTM A135/A135M Schedule 10, black.
1. Steel Fittings:  ASME B16.9, wrought steel, buttwelded, ASME B16.25, buttweld ends, ASTM

A234/A234M, wrought carbon steel or alloy steel, ASME B16.5, steel flanges and fittings, or ASME
B16.11, forged steel socket welded and threaded.

2. Cast Iron Fittings:  ASME B16.1, flanges and flanged fittings and ASME B16.4, threaded fittings.
3. Malleable Iron Fittings:  ASME B16.3, threaded fittings and ASTM A47/A47M.
4. Mechanical Grooved Couplings:  Malleable iron housing clamps to engage and lock, "C" shaped

elastomeric sealing gasket, steel bolts, nuts, and washers; galvanized for galvanized pipe.
5. Mechanical Formed Fittings:  Carbon steel housing with integral pipe stop and O-ring pocked and

O-ring, uniformly compressed into permanent mechanical engagement onto pipe.

2.4 PIPE SLEEVES

A. Plastic, Sheet Metal, or Moisture-Resistant Fiber:  Pipe passing through interior walls, partitions, and
floors, unless steel or brass sleeves are specified below.

B. Pipe Passing Through Below Grade Exterior Walls:
1. Zinc-coated or cast-iron pipe.
2. Provide watertight space with link rubber or modular seal between sleeve and pipe on both pipe

ends.

C. Not required for wall hydrants for fire department connections or in drywall construction.

D. Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Floor, Partitions, and Beam Flanges:  1 inch greater than external; pipe diameter.
3. Rated Openings:  Caulked tight with firestopping material complying with ASTM E814 in

accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

2.5 ESCUTCHEONS

A. Material:
1. Metals and Finish:  Comply with ASME A112.18.1.

B. Construction:
1. One-piece for mounting on chrome-plated tubing or pipe and one-piece or split-pattern type

elsewhere.
2. Internal spring tension devices or setscrews to maintain a fixed position against a surface.

2.6 PIPE HANGERS AND SUPPORTS

A. Hangers for Pipe Sizes 1/2 to 1-1/2 inch:  Malleable iron, adjustable swivel, split ring.
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B. Hangers for Pipe Sizes 2 inches and Over:  Carbon steel, adjustable, clevis.

C. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.

D. Wall Support for Pipe Sizes to 3 inches:  Cast iron hook.

E. Wall Support for Pipe Sizes 4 inches and Over:  Welded steel bracket and wrought steel clamp.

F. Vertical Support:  Steel riser clamp.

G. Floor Support:  Cast iron adjustable pipe saddle, lock nut, nipple, floor flange, and concrete pier or steel
support.

2.7 MECHANICAL COUPLINGS

A. Rigid Mechanical Couplings for Grooved Joints:
1. Dimensions and Testing:  Comply with AWWA C606.
2. Minimum Working Pressure:  300 psig.
3. Housing Material:  Fabricate of ductile iron complying with ASTM A536.
4. Housing Coating:  Factory applied orange enamel.
5. Gasket Material:  EPDM suitable for operating temperature range from minus 30 degrees F to 230

degrees F.
6. Bolts and Nuts:  Hot-dipped-galvanized or zinc-electroplated steel.

PART 3  EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.

B. Remove scale and foreign material, from inside and outside, before assembly.

C. Prepare piping connections to equipment with flanges or unions.

3.2 INSTALLATION

A. Install sprinkler system and service main piping, hangers, and supports in accordance with NFPA 13.

B. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.

C. Install piping to conserve building space, to not interfere with use of space and other work.

D. Group piping whenever practical at common elevations.

E. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment.

F. Pipe Hangers and Supports:
1. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent work.
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2. Place hangers within 12 inches of each horizontal elbow.
3. Use hangers with 1-1/2 inch minimum vertical adjustment.  Design hangers for pipe movement

without disengagement of supported pipe.
4. Support vertical piping at every other floor.  Support riser piping independently of connected

horizontal piping.
5. Where several pipes can be installed in parallel and at same elevation, provide multiple or trapeze

hangers.

G. Slope piping and arrange systems to drain at low points.  Use eccentric reducers to maintain top of pipe
level.

H. Prepare pipe, fittings, supports, and accessories for finish painting.  Where pipe support members are
welded to structural building framing, scrape, brush clean, and apply one coat of zinc-rich primer to
welding.

I. Do not penetrate building structural members unless indicated.

J. Provide sleeves when penetrating footings, floors, walls, and partitions.  Seal pipe including sleeve
penetrations to achieve fire resistance equivalent to fire separation required.

K. Manufactured Sleeve-Seal Systems:
1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior concrete

walls at piping entrances into building.
2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve inner

diameter or penetration diameter.
3. Locate piping in center of sleeve or penetration.
4. Install field assembled sleeve-seal system components in annular space between sleeve and

piping.
5. Tighten bolting for a watertight seal.
6. Install in accordance with manufacturer's recommendations.

L. Escutcheons:
1. Install and firmly attach escutcheons at piping penetrations into finished spaces.
2. Provide escutcheons on both sides of partitions separating finished areas through which piping

passes.
3. Use chrome plated escutcheons in occupied spaces and to conceal openings in construction.

M. When installing more than one piping system material, ensure system components are compatible and
joined to ensure the integrity of the system.  Provide necessary joining fittings.  Ensure flanges, unions,
and couplings for servicing are consistently provided.

3.3 CLEANING

A. Upon completion of work, clean all parts of the installation.

B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.

END OF SECTION
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SECTION 21 0548 - VIBRATION AND SEISMIC CONTROLS FOR FIRE SUPPRESSION
PIPING AND EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Vibration isolation requirements.

B. Seismic control requirements.
1. Includes requirements for seismic qualification of equipment not specified in this section.

C. Vibration isolators.

D. External seismic snubber assemblies.

E. Seismic restraint systems

1.2 DEFINITIONS

A. Fire Suppression Component:  Where referenced in this section in regards to seismic controls, applies to
any portion of the fire suppression system subject to seismic evaluation in accordance with applicable
codes, including distributed systems (e.g., piping).

B. Seismic Restraint:  Structural members or assemblies of members or manufactured elements specifically
designed and applied for transmitting seismic forces between components and the seismic force-resisting
system of the structure.

1.3 REFERENCE STANDARDS

A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; Most
Recent Edition Cited by Referring Code or Reference Standard.

B. ASCE 19 - Structural Applications of Steel Cables for Buildings; 2016.

C. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited by Referring
Code or Reference Standard.

D. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2002.

E. FEMA 413 - Installing Seismic Restraints for Electrical Equipment; 2004.

F. FEMA 414 - Installing Seismic Restraints for Duct and Pipe; 2004.

G. FEMA E-74 - Reducing the Risks of Nonstructural Earthquake Damage; 2012.

H. FM 1950 - Seismic Sway Braces for Automatic Sprinkler Systems; 2010.

I. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.
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J. ICC-ES AC156 - Acceptance Criteria for Seismic Certification by Shake-Table Testing of Nonstructural
Components; 2010, with Editorial Revision (2015).

K. MFMA-4 - Metal Framing Standards Publication; 2004.

L. NFPA 13 - Standard for the Installation of Sprinkler Systems; Most Recent Edition Adopted by Authority
Having Jurisdiction, Including All Applicable Amendments and Supplements.

M. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2008.

N. UL 203A - Standard for Sway Brace Devices for Sprinkler System Piping; Current Edition, Including All
Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate selection and arrangement of vibration isolation and/or seismic control components with

the actual equipment to be installed.
2. Coordinate the work with other trades to provide additional framing and materials required for

installation.
3. Coordinate compatibility of support and attachment components with mounting surfaces at the

installed locations.
4. Seismic Controls:

a. Coordinate the arrangement of seismic restraints with piping, conduit, equipment, and other
potential conflicts installed under other sections or by others.

b. Coordinate the work with other trades to accommodate relative positioning of essential and
nonessential components in consideration of seismic interaction.

5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has fully cured

in accordance with Section 03 3000.

1.5 SUBMITTALS

A. Design Documents:  Prepare and submit all information required for plan review and permitting by
authorities having jurisdiction, including but not limited to floor plans, details, and calculations.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for products, including
materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators:  Include rated load capacities and deflections; include information on color

coding or other identification methods for spring element load capacities.
2. Seismic Controls:  Include seismic load capacities.

C. Shop Drawings - Seismic Controls:
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1. Include dimensioned plan views and sections indicating proposed fire suppression component
locations and distributed system routing, with locations and details of gravity supports and seismic
restraints and associated attachments.

2. Identify mounting conditions required for equipment seismic qualification.
3. Identify anchor manufacturer, type, minimum embedment, minimum spacing, minimum member

thickness, and minimum edge distance requirements.
4. Indicate proposed arrangement of distributed system trapeze support groupings.
5. Indicate proposed locations for distributed system flexible fittings and/or connections.
6. Indicate locations of seismic separations where applicable.

D. Seismic Design Data:
1. Include structural calculations, stamped or sealed by seismic controls designer, demonstrating

suitability of seismic controls for seismic design forces.

E. Manufacturer's Instructions:  Indicate application conditions and limitations of use stipulated by product
testing agency.  Include instructions for storage, handling, protection, examination, preparation, and
installation of product.

F. Manufacturer’s detailed field testing and inspection procedures.

1.6 QUALITY ASSURANCE

A. Comply with applicable building code.

B. Seismic Controls Designer Qualifications:  Registered professional engineer licensed in Pennsylvania
and with minimum five years experience designing seismic restraints for nonstructural components.
1. Designer may be employed by the manufacturer of the seismic restraint products.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS

2.1 VIBRATION ISOLATION REQUIREMENTS

A. Design and provide vibration isolation systems to reduce vibration transmission to supporting structure
from vibration-producing fire suppression equipment.

B. Comply with applicable general recommendations of ASHRAE (HVACA), where not in conflict with other
specified requirements:

C. General Requirements:
1. Select vibration isolators to provide required static deflection.
2. Select vibration isolators for uniform deflection based on distributed operating weight of actual

installed equipment.
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2.2 SEISMIC CONTROL REQUIREMENTS

A. Design and provide fire suppression component restraints, supports, and attachments suitable for
seismic loads determined in accordance with applicable codes, as well as gravity and operating loads
and other structural design considerations of the installed location. Consider wind loads for outdoor fire
suppression components.

B. Seismic Design Criteria:  As indicated on drawings.

C. Component Importance Factor (Ip):  Fire suppression components to be assigned a component
importance factor (Ip) of 1.5 unless otherwise indicated.

D. Seismic Qualification of Equipment:
1. Provide special certification for fire suppression equipment furnished under other sections and

assigned a component importance factor (Ip) of 1.5, certifying that equipment will remain operable
following a design level earthquake.

2. Seismic qualification to be by shake table testing in accordance with recognized testing standard
procedure, such as ICC-ES AC156, acceptable to authorities having jurisdiction.

3. Notify DEDC, LLC and obtain direction where mounting restrictions required by conditions of
seismic certification conflict with specified requirements.

4. Seismically qualified equipment to be furnished with factory-installed labels referencing certificate of
compliance and associated mounting restrictions.

E. Seismic Restraints:
1. Provide seismic restraints for fire suppression components except where exempt according to

applicable codes and specified seismic design criteria, as approved by authorities having
jurisdiction.

2. Seismic Restraint Exemptions, All Seismic Design Categories:
a. Fire Suppression Piping Exemptions, All Seismic Design Categories:

1) Lateral sway bracing for piping individually supported within 6 inches of the structure
measured between the top of pipe and the point of attachment to the structure, where all
conditions for exception specified in NFPA 13 are met.

2) Lateral sway bracing for branch lines smaller than 2-1/2 inches in diameter, where
branch line restraint is provided in accordance with NFPA 13.

3. Comply with applicable general recommendations of the following, where not in conflict with
applicable codes, seismic design criteria, or other specified requirements:
a. ASHRAE (HVACA).
b. FEMA 412.
c. FEMA 413.
d. FEMA 414.
e. FEMA E-74.
f. SMACNA (SRM).

4. Seismic restraint capacities to be verified by a Nationally Recognized Testing Laboratory (NRTL) or
certified by an independent third-party registered professional engineer acceptable to authorities
having jurisdiction.

5. Seismic Type Vibration Isolators:
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a. Comply with seismic design requirements, including conditions of equipment seismic
certification where applicable.

6. External Seismic Snubber Assemblies:
a. Provide quantity and arrangement of external seismic snubber assemblies as required to

restrain equipment in all directions (both lateral and vertical).
b. Do not use external seismic snubber assemblies that restrain equipment only in one or more

lateral directions (but not vertical) except where uplift forces are zero or are addressed by
other restraints.

7. Seismic Restraint Systems:
a. Arrange restraint elements to avoid obstruction of sprinklers in accordance with NFPA 13.
b. Except where otherwise restricted, use of either cable or rigid restraints is permitted.
c. Use only cable restraints to restrain vibration-isolated fire suppression components.
d. Use only one restraint system type for a given fire suppression component or distributed

system (e.g., piping) run; mixing of cable and rigid restraints on a given component/run is not
permitted.

e. Size restraint elements, including anchorage, to resist seismic loads as necessary to restrain
fire suppression component in all lateral directions; consider bracket geometry in anchor load
calculations.

f. Use rod stiffener clips to attach bracing to hanger rods as required to prevent rod buckling
from vertical (upward) compressive load introduced by cable or rigid restraints loaded in
tension, in excess of downward tensile load due to supported fire suppression component
weight.

g. Select hanger rods and associated anchorage as required to accommodate vertical
(downward) tensile load introduced by rigid restraints loaded in compression, in addition to
downward tensile load due to supported fire suppression component weight.

h. Clevis hangers may only be used for attachment of transverse restraints; do not use for
attachment of longitudinal restraints.

i. Where seismic restraints are attached to clevis hangers, provide clevis bolt reinforcement
accessory to prevent clevis hanger deformation.

j. Do not introduce lateral loads on open bar joist chords or the weak axis of beams, or loads in
any direction at other than panel points unless approved by project Structural Engineer of
Record.

F. Seismic Attachments:
1. Comply with support and attachment requirements of NFPA 13.
2. Attachments to be bolted, welded, or otherwise positively fastened without consideration of frictional

resistance produced by the effects of gravity.
3. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC Evaluation

Service, LLC (ICC-ES) or qualified evaluation service acceptable to authorities having jurisdiction
for compliance with applicable building code, and qualified for seismic applications; concrete
anchors to be qualified for installation in both cracked and uncracked concrete.

4. Do not use power-actuated fasteners.
5. Do not use friction clips (devices that rely on mechanically applied friction to resist loads). Beam

clamps may be used for supporting sustained loads where provided with restraining straps, but not
for sway bracing attachments as prohibited by NFPA 13.

6. Comply with anchor minimum embedment, minimum spacing, minimum member thickness, and
minimum edge distance requirements.
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7. Concrete Housekeeping Pads:
a. Increase size of pad as required to comply with anchor requirements.
b. Provide pad reinforcement and doweling to ensure integrity of pad and connection and to

provide adequate load path from pad to supporting structure.

G. Seismic Interactions:
1. Include provisions to prevent seismic impact between fire suppression components and other

structural or nonstructural components.
2. Include provisions such that failure of a component, either essential or nonessential, does not

cause the failure of an essential component.
3. Comply with minimum clearance requirements between other equipment, distribution systems, and

associated supports and fire protection sprinkler system drops and sprigs.

H. Seismic Relative Displacement Provisions:
1. Use suitable fittings or flexible connections, in accordance with NFPA 13, to accommodate:

a. Relative displacements at connections between components, including distributed systems
(e.g., piping); do not exceed load limits for equipment utility connections.

b. Relative displacements between component supports attached to dissimilar parts of structure
that may move differently during an earthquake.

c. Design displacements at seismic separations.
d. Anticipated drifts between floors.

2. Provide clearance around fire suppression system piping extending through walls, floors, platforms,
and foundations in accordance with NFPA 13.

2.3 VIBRATION ISOLATORS

A. Manufacturers:
1. Vibration Isolators:

a. Kinetics Noise Control, Inc; :  www.kineticsnoise.com.
b. Mason Industries; :  www.mason-ind.com.
c. Vibration Eliminator Company, Inc; :  www.veco-nyc.com.

B. General Requirements:
1. Resilient Materials for Vibration Isolators:  Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a. Color code or otherwise identify springs to indicate load capacity.
b. Lateral Stability:  Minimum lateral stiffness to vertical stiffness ratio of 0.8.
c.  Designed to operate in the linear portion of their load versus deflection curve over deflection

range of not less than 50 percent above specified deflection.
d. Designed to provide additional travel to solid of not less than 50 percent of rated deflection at

rated load.
e. Selected to provide designed deflection of not less than 75 percent of specified deflection.
f. Selected to function without undue stress or overloading.

3. Seismic Snubbing Elements for Seismic Isolators:
a. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
b. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of

being visually inspected for damage and replaced.
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C. Vibration Isolators for Seismic Applications:
1. Resilient Material Isolator Mounts, Seismic:

a. Description:  Mounting assemblies for bolting equipment to supporting structure utilizing
elastomeric (e.g., neoprene, rubber) isolator material; specifically designed and rated for
seismic applications with integral snubbing in all directions.

2. Restrained Spring Isolators, Seismic:
a. Description:  Isolator assembly consisting of single or multiple free-standing, laterally stable

steel spring(s) in series with elastomeric (e.g., neoprene, rubber) isolator material within a
metal housing designed to prevent movement of supported equipment above an adjustable
vertical limit stop; specifically designed and rated for seismic applications with integral
snubbing in all directions.

b. Bottom Load Plate:  Steel with provisions for bolting to supporting structure as required.
c. Furnished with integral leveling device for positioning and securing supported equipment.
d. Provides constant free and operating height.

3. Resilient Material Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing elastomeric (e.g., neoprene, rubber) isolator material for the lower hanger rod
connection; specifically designed and rated for seismic applications with vertical limit stop to
prevent upward travel of hanger rod and cushion impact.

4. Spring Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing single or multiple free-standing, laterally stable steel spring(s) in series with an
elastomeric element for the lower hanger rod connection; specifically designed and rated for
seismic applications with vertical limit stop to prevent upward travel of hanger rod and cushion
impact.

b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees (plus/minus
15 degrees) without short-circuiting of isolation.

5. Combination Resilient Material/Spring Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing single or multiple free-standing, laterally stable steel spring(s) for the lower hanger rod
connection and elastomeric (e.g., neoprene, rubber) isolator material for the upper hanger rod
connection; specifically designed and rated for seismic applications with vertical limit stop to
prevent upward travel of hanger rod and cushion impact.

b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees (plus/minus
15 degrees) without short-circuiting of isolation.

2.4 EXTERNAL SEISMIC SNUBBER ASSEMBLIES

A. Description:  Steel snubbing assemblies designed for external attachment to both equipment and
supporting structure that, as part of a complete system, restrain equipment motion in all directions during
a seismic event while maintaining vibration isolation during normal operation.

B. Seismic Snubbing Elements:
1. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
2. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of being

visually inspected for damage and replaced.
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2.5 SEISMIC RESTRAINT SYSTEMS

A. Description:  System components and accessories specifically designed for field assembly and
attachment of seismic restraints.

B. Where required by NFPA 13, provide products listed as complying with UL 203A or FM 1950.

C. Cable Restraints:
1. Comply with ASCE 19.
2. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
3. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings are not

permitted in accordance with ASCE 19.
4. Use protective thimbles for cable loops where potential for cable damage exists.

D. Rigid Restraints:  Use MFMA-4 steel channel (strut), steel angle, or steel pipe for structural element;
suitable for both compressive and tensile design loads.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as shown on the drawings.

B. Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control components
and associated attachments.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) evaluation
report conditions of use where applicable.

C. Secure fasteners according to manufacturer's recommended torque settings.

D.  Install flexible piping connections to provide sufficient slack for vibration isolation and/or seismic relative
displacements as indicated or as required.

E. Vibration Isolation Systems:
1. Spring Isolators:

a. Position equipment at operating height; provide temporary blocking as required.
b. Lift equipment free of isolators prior to lateral repositioning to avoid damage to isolators.
c. Level equipment by adjusting isolators gradually in sequence to raise equipment uniformly

such that excessive weight or stress is not placed on any single isolator.
2. Isolator Hangers:
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a. Use precompressed isolator hangers where required to facilitate installation and prevent
damage to equipment utility connection provisions.

b. Locate isolator hangers at top of hanger rods in accordance with manufacturer's instructions.
3. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting of

isolation.
4. Use elastomeric grommets for attachments where required to prevent short-circuiting of isolation.
5. Adjust isolators to be free of isolation short circuits during normal operation.
6. Do not overtighten fasteners such that resilient material isolator pads are compressed beyond

manufacturer's maximum recommended deflection.

F. Seismic Controls:
1. Provide specified snubbing element air gap; remove any factory-installed spacers, debris, or other

obstructions.
2. Use only specified components, anchorage, and hardware evaluated by seismic design. Comply

with conditions of seismic certification where applicable.
3. Where mounting hole diameter exceeds bolt diameter by more than 0.125 inch, use epoxy grout,

elastomeric grommet, or welded washer to reduce clearance to 0.125 inch or less.
4. Equipment with Sheet Metal Housings:

a. Use Belleville washers to distribute stress over a larger surface area of the sheet metal
connection interface as approved by manufacturer.

b. Attach additional steel as approved by manufacturer where required to transfer loads to
structure.

c. Where mounting surface is irregular, do not shim housing; reinforce housing with additional
steel as approved by manufacturer.

5. Concrete Housekeeping Pads:
a. Size in accordance with seismic design to meet anchor requirements.
b. Install pad reinforcement and doweling in accordance with seismic design to ensure integrity

of pad and associated connection to slab.
6. Seismic Restraint Systems:

a. Do not attach seismic restraints and gravity supports to dissimilar parts of structure that may
move differently during an earthquake.

b. Install restraints within permissible angles in accordance with seismic design.
c. Install cable restraints straight between component/run and structural attachment; do not bend

around other nonstructural components or structural elements.
d. Install cable restraints for vibration-isolated components slightly slack to prevent

short-circuiting of isolation.
e. Install hanger rod stiffeners where indicated using only specified clamps; do not weld

stiffeners to hanger rod.

3.3 FIELD QUALITY CONTROL

A. Inspect vibration isolation and/or seismic control components for damage and defects.

B. Vibration Isolation Systems:
1. Verify isolator static deflections.
2. Verify vibration isolation performance during normal operation; investigate sources of isolation short

circuits.
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C. Seismic Controls:
1. Verify snubbing element air gaps.

D. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control
components.

END OF SECTION
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SECTION 21 0553 - IDENTIFICATION FOR FIRE SUPPRESSION PIPING AND
EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Nameplates.

B. Tags.

C. Stencils.

D. Pipe markers.

E. Ceiling tacks.

1.2 REFERENCE STANDARDS

A. ASME A13.1 - Scheme for the Identification of Piping Systems; 2015.

B. ASTM D709 - Standard Specification for Laminated Thermosetting Materials; 2017.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification.

C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, function,
and valve manufacturer's name and model number.

D. Manufacturer's Installation Instructions:  Indicate special procedures, and installation instructions.

E. Project Record Documents:  Record actual locations of tagged valves.

PART 2  PRODUCTS

2.1 IDENTIFICATION APPLICATIONS

A. Automatic Controls:  Tags.

B. Control Panels:  Nameplates.

C. Instrumentation:  Tags.

D. Major Control Components:  Nameplates.

E. Piping:  Tags.

F. Pumps:  Nameplates.
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G. Relays:  Tags.

H. Small-sized Equipment:  Tags.

I. Thermostats:  Nameplates.

J. Valves:  Nameplates and ceiling tacks where above lay-in ceilings.

2.2 NAMEPLATES

A. Description:  Laminated three-layer plastic with engraved letters.
1. Letter Color:  White.
2. Letter Height:  1/4 inch.
3. Background Color:  Black.
4. Thickness:  1/8 inch.
5. Plastic:  Comply with ASTM D709.

2.3 TAGS

A. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth edges.

2.4 STENCILS

A. Stencils:  With clean cut symbols and letters of following size:
1. 3/4 to 1-1/4 inch Outside Diameter of Insulation or Pipe:  8 inch long color field, 1/2 inch high letters.
2. 1-1/2 to 2 inch Outside Diameter of Insulation or Pipe:  8 inch long color field, 3/4 inch high letters.
3. 2-1/2 to 6 inch Outside Diameter of Insulation or Pipe:  12 inch long color field, 1-1/4 inch high

letters.

B. Paint for Stencils:  As specified in Section 09 9123, semi-gloss enamel, colors complying with ASME
A13.1.

2.5 PIPE MARKERS

A. Color:  Comply with ASME A13.1.

B. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around pipe or pipe
covering; minimum information indicating flow direction arrow and identification of fluid being conveyed.

C. Plastic Tape Pipe Markers:  Flexible, vinyl film tape with pressure sensitive adhesive backing and printed
markings.

D. Underground Plastic Pipe Markers:  Bright colored continuously printed plastic ribbon tape, minimum 6
inches wide by 4 mil thick, manufactured for direct burial service.

E. Color code as follows:
1. Fire Quenching Fluids:  Red with white letters.
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2.6 CEILING TACKS

A. Description:  Steel with 3/4 inch diameter color coded head.

PART 3  EXECUTION

3.1 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.

B. Prepare surfaces in accordance with Section 09 9123 for stencil painting.

3.2 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with sufficient
adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.

C. Apply stencil painting in accordance with Section 09 9123.

D. Install plastic pipe markers in accordance with manufacturer's instructions.

E. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's instructions.

F. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above buried pipe.

G. Use tags on piping 3/4 inch diameter and smaller.  
1. Identify service, flow direction, and pressure.
2. Install in clear view and align with axis of piping.
3. Locate identification not to exceed 20 feet on straight runs including risers and drops, adjacent to

each valve and Tee, at each side of penetration of structure or enclosure, and at each obstruction.

H. Locate ceiling tacks to locate valves above T-bar type panel ceilings.  Locate in corner of panel closest to
equipment.

END OF SECTION
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SECTION 21 1300 - FIRE-SUPPRESSION SPRINKLER SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Wet-pipe sprinkler system.

B. System design, installation, and certification.

C. Fire department connections.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 21 0500 - Common Work Results for Fire Suppression:  Pipe and fittings.

C. Section 21 0548 - Vibration and Seismic Controls for Fire Suppression Piping and Equipment.

D. Section 21 0553 - Identification for Fire Suppression Piping and Equipment.

1.3 REFERENCE STANDARDS

A. FM (AG) - FM Approval Guide; current edition.

B. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2015.

C. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry Elements;
2015.

D. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2015.

E. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements; 2016.

F. ITS (DIR) - Directory of Listed Products; current edition.

G. NFPA 13 - Standard for the Installation of Sprinkler Systems; Most Recent Edition Adopted by Authority
Having Jurisdiction, Including All Applicable Amendments and Supplements.

H. NFPA 1963 - Standard for Fire Hose Connections; 2014.

I. UL (DIR) - Online Certifications Directory; Current Edition.

J. UL 405 - Fire Department Connection Devices; Current Edition; Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Convene one week before starting work of this section.
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1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide data on sprinklers, valves, and specialties, including manufacturers catalog
information.  Submit performance ratings, rough-in details, weights, support requirements, and piping
connections.

C. Shop Drawings:
1. Submit preliminary layout of finished ceiling areas indicating only sprinkler locations coordinated

with ceiling installation.
2. Indicate hydraulic calculations, detailed pipe layout, hangers and supports, sprinklers, components,

and accessories.  Indicate system controls.
3. Submit shop drawings to Authorities Having Jurisdiction for approval.  Submit proof of approval to

DEDC, LLC.

D. Manufacturer's Certificate:  Certify that system has been tested and meets or exceeds specified
requirements and code requirements.

E. Operation and Maintenance Data:  Include components of system, servicing requirements, record
drawings, inspection data, replacement part numbers and availability, and location and numbers of
service depot.

F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
2. Extra Sprinklers:  Type and size matching those installed in quantity required by referenced NFPA

design and installation standard.
3. Sprinkler Wrenches:  For each sprinkler type.

1.6 QUALITY ASSURANCE

A. Comply with FM (AG) requirements.

B. Designer Qualifications: Design system under direct supervision of a Professional Engineeror NICET
Level III designer experienced in design of this type of work and licensed in the State of Maryland.

C. Equipment and Components:  Provide products that bear FM (AG) label or marking.

D. Products Requiring Electrical Connection:  Listed and classified by UL (DIR) as suitable for the purpose
specified and indicated.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Store products in shipping containers and maintain in place until installation.  Provide temporary inlet and
outlet caps.  Maintain caps in place until installation.
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PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Sprinklers, Valves, and Equipment:
1. Tyco Fire Protection Products:  www.tyco-fire.com/#sle.
2. Viking Corporation:  www.vikinggroupinc.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. UL Listed for Fire Protection Services

2.2 SPRINKLER SYSTEM

A. Sprinkler System:  Provide coverage for entire building.

B. Interface system with building fire and smoke alarm system.

C. Provide fire department connections where indicated.

D. Storage Cabinet for Spare Sprinklers and Tools:  Steel, located adjacent to alarm valve.

2.3 SPRINKLERS

A. Suspended Ceiling Type:  Semi-recessed pendant type with matching push on escutcheon plate.
1. Response Type:  Quick.
2. Finish:  Brass.
3. Escutcheon Plate Finish:  Antique Brass.

B. Exposed Area Type:  Standard upright type with guard (where sprinkler is lower than seven feet above
finished floor
1. Response Type:  Quick.
2. Coverage Type:  Standard.

C. Sidewall Type:  Semi-recessed horizontal sidewall type with matching push on escutcheon plate.
1. Response Type:  Quick.
2. Coverage Type:  Standard.
3. Finish:  Brass.
4. Fusible Link:  Fusible solder link type temperature rated for specific area hazard.

D. Storage Sprinklers:  Pendant type with guard.
1. Response Type:  Standard.
2. Coverage Type:  Standard.
3. Fusible Link:  Fusible solder link type temperature rated for specific area hazard.

E. Guards:  Finish to match sprinkler finish.

F. Flexible Drop System:  Stainless steel, multiple use, open gate type.
1. Application:  Use to properly locate sprinkler heads.
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2. Include all supports and bracing.
3. Provide braided type tube as required for the application.

2.4 PIPING SPECIALTIES

A. Backflow Preventer:  Reduced pressure principle valve assembly backflow preventer with drain and OS &
Y gate valve on each end.

B. Test Connections:
1. Inspector's Test Connection:

a. AGF Test and Drain or equal.  Drain outside of building.
2. Backflow Preventer Test Connection:

a. Furnish one valve for each 250 gpm of system demand or fraction thereof.
b. Provide permanent sign reading "Test Valve" in accordance with Section 21 0553.

C. Water Flow Switch:  Vane type switch for mounting horizontal or vertical, with two contacts; rated 10 amp
at 125 volt AC and 2.5 amp at 24 volt DC.

D. Fire Department Connections:
1. Type:  Flush, wall mount made of corrosion resistant metal complying with UL 405.

a. Inlets:  Two way, 2-1/2 inch swivel fittings, internal threaded.  Thread size and inlets according
to NFPA 1963 or Authority Having Jurisdiction.  Brass caps with gaskets, chains, and lugs.

b. Configuration:  Horizontal.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install in accordance with referenced NFPA design and installation standard.

B. Install equipment in accordance with manufacturer's instructions.

C. Locate fire department connection with sufficient clearance from walls, obstructions, or adjacent siamese
connectors to allow full swing of fire department wrench handle.

D. Place pipe runs to minimize obstruction to other work.

E. Place piping in concealed spaces above finished ceilings.

F. Center sprinklers in two directions in ceiling tile and provide piping offsets as required.

G. Flush entire piping system of foreign matter.

H. Install guards on sprinklers in exposed ceilings where less than seven feet above finished floor..

I. Hydrostatically test entire system.

J. Require test be witnessed by Fire Marshal.
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3.2 INTERFACE WITH OTHER PRODUCTS

A. Ensure required devices are installed and connected as required to fire alarm system.

3.3 SCHEDULES

A. System Hazard Areas:  As indicated on Drawings

END OF SECTION
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SECTION 22 0500 - COMMON WORK RESULTS FOR PLUMBING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following:
1. Piping materials and installation instructions common to most piping systems.
2. Dielectric fittings.
3. Mechanical sleeve seals.
4. Sleeves.
5. Escutcheons.
6. Grout.
7. Plumbing demolition.
8. Equipment installation requirements common to equipment sections.
9. Concrete bases.
10. Supports and anchorages.

1.2 DEFINITIONS

A. Finished Spaces: Spaces other than plumbing and electrical equipment rooms, furred spaces, pipe
chases, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces,
crawlspaces, and tunnels.

B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and
plumbing equipment rooms.

C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient temperatures
and weather conditions. Examples include rooftop locations.

D. Concealed, Interior Installations: Concealed from view and protected from physical contact by building
occupants. Examples include above ceilings and in chases.

E. Concealed, Exterior Installations: Concealed from view and protected from weather conditions and
physical contact by building occupants but subject to outdoor ambient temperatures. Examples include
installations within unheated shelters.

1.3 SUBMITTALS

A. Welding certificates.

1.4 QUALITY ASSURANCE

A. Steel Support Welding: Qualify processes and operators according to AWS D1.1, "Structural Welding
Code--Steel."

B. Steel Pipe Welding:  Qualify processes and operators according to ASME Boiler and Pressure Vessel
Code: Section IX, "Welding and Brazing Qualifications."
1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
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2. Certify  that  each  welder  has  passed  AWS qualification  tests  for  welding  processes involved
and that certification is current.
a. Electrical Characteristics for Plumbing Equipment: Equipment of higher electrical

characteristics may be furnished provided such proposed equipment is approved in writing
and connecting electrical services, circuit breakers, and conduit sizes are appropriately
modified. If minimum energy ratings or efficiencies are specified, equipment shall comply with
requirements.

PART 2 - PRODUCTS

2.1 PIPE, TUBE, AND FITTINGS

A. Refer to individual Division 22 piping Sections for pipe, tube, and fitting materials and joining methods.

B. Pipe Threads: ASME B1.20.1 for factory-threaded pipe and pipe fittings.

2.2 JOINING MATERIALS

A. Refer to individual Division 22 piping Sections for special joining materials not listed below.

B. Pipe-Flange  Gasket  Materials: ASME B16.21,  nonmetallic,  flat,  asbestos-free,  1/8-inch
maximum thickness unless thickness or specific material is indicated.

C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts:Type and material recommended by piping system
manufacturer, unless otherwise indicated.

D. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B
813.

E. Brazing Filler Metals: AWS A5.8, BCuP Series or BAg1, unless otherwise indicated.

F. Welding Filler Metals: Comply with AWS D10.12.

G. Solvent Cements for Joining Plastic Piping:
1. ABS Piping: ASTM D 2235.
2. CPVC Piping: ASTM F 493.
3. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.
4. PVC to ABS Piping Transition: ASTM D 3138.
5. DIELECTRIC FITTINGS

a. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials.

b. Insulating Material: Suitable for system fluid, pressure, and temperature.
c. Dielectric  Unions: Factory-fabricated,  union  assembly,  for  250-psig  minimum  working

pressure at 180 deg F.
d. Dielectric Flanges: Factory-fabricated,  companion-flange  assembly,  for  150-  or  300-psig

minimum working pressure as required to suit system pressures.
e. Dielectric Couplings: Galvanized-steel coupling with inert and noncorrosive,

thermoplastic lining; threaded ends; and 300-psig minimum working pressure at 225 deg F.
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f. Dielectric Nipples: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining;
plain, threaded, or grooved ends; and 300-psig minimum working pressure at 225 deg F.

2.3 MECHANICAL SLEEVE SEALS

A. Description:  Modular sealing element unit, designed for field assembly, to fill annular space between
pipe and sleeve.

B. Sealing Elements:  EPDM interlocking links shaped to fit surface of pipe.  Include type and number
required for pipe material and size of pipe.

C. Pressure Plates: Carbon steel. Include two for each sealing element.

D. Connecting Bolts and Nuts:  Carbon steel with corrosion-resistant coating of length required to secure
pressure plates to sealing elements. Include one for each sealing element.

2.4 SLEEVES

A. Galvanized-Steel Sheet: 0.0239-inch minimum thickness; round tube closed with welded
longitudinal joint.

B. Steel Pipe: ASTM A 53, Type E, Grade B, Schedule 40, galvanized, plain ends.

C. Cast Iron:  Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and
integral waterstop, unless otherwise indicated.

D. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping
ring and bolts and nuts for membrane flashing.
1. Underdeck Clamp: Clamping ring with set screws.

E. Molded PVC: Permanent, with nailing flange for attaching to wooden forms.

F. PVC Pipe: ASTM D 1785, Schedule 40.

G. Molded PE:  Reusable, PE, tapered-cup shaped, and smooth-outer surface with nailing flange for
attaching to wooden forms.

2.5 ESCUTCHEONS

A. Description: Manufactured wall and ceiling escutcheons and floor plates, with an ID to closely fit around
pipe, tube, and insulation of insulated piping and an OD that completely covers opening.

B. One-Piece, Deep-Pattern Type:   Deep-drawn, box-shaped brass with polished chrome-plated finish.

C. One-Piece, Cast-Brass Type: With set screw.
1. Finish: Polished chrome-plated and rough brass.

D. Split-Casting, Cast-Brass Type: With concealed hinge and set screw.
1. Finish: Polished chrome-plated and rough brass.
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2.6 GROUT

A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
1. Characteristics: Post-hardening, volume-adjusting, nonstaining,

noncorrosive, nongaseous, and recommended for interior and exterior applications.
2. Design Mix: 5000-psi, 28-day compressive strength.
3. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 PLUMBING DEMOLITION

A. Refer  to  Division 01  Section  "Cutting  and  Patching"  and  Division  02  Section  "Selective Structure
Demolition" for general demolition requirements and procedures.

B. Disconnect, demolish, and remove plumbing systems, equipment, and components indicated to be
removed.
1. Piping to Be Removed:  Remove portion of piping indicated to be removed and cap or plug

remaining piping with same or compatible piping material.
2. Piping to Be Abandoned in Place:  Drain piping and cap or plug piping with same or compatible

piping material.
3. Equipment to Be Removed: Disconnect and cap services and remove equipment.
4. Equipment to Be Removed and Reinstalled: Disconnect and cap services and remove, clean, and

store equipment; when appropriate, reinstall, reconnect, and make equipment operational.
5. Equipment to Be Removed and Salvaged: Disconnect and cap services and remove

equipment and deliver to Owner.

C. If pipe, insulation, or equipment to remain is damaged in appearance or is unserviceable, remove
damaged or unserviceable portions and replace with new products of equal capacity and quality.

3.2 PIPING SYSTEMS - COMMON REQUIREMENTS

A. Install piping according to the following requirements and Division 22 Sections specifying piping systems.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.
Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump
sizing, and other design considerations. Install piping as indicated unless deviations to layout are
approved on Coordination Drawings.

C. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and
service areas.

D. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or
parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.

E. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

F. Install piping to permit valve servicing.
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G. Install piping at indicated slopes.

H. Install piping free of sags and bends.

I. Install fittings for changes in direction and branch connections.

J. Install piping to allow application of insulation.

K. Select system components  with pressure  rating equal  to or greater  than system operating pressure.

L. Install escutcheons for penetrations of walls, ceilings, and floors.

M. Install sleeves for pipes passing through concrete and masonry walls, gypsum-board partitions, and
concrete floor and roof slabs.

N. Aboveground, Exterior-Wall Pipe Penetrations: Seal penetrations using sleeves and mechanical sleeve
seals. Select sleeve size to allow for 1-inch annular clear space between pipe and sleeve for installing
mechanical sleeve seals.
1. Install steel pipe for sleeves smaller than 6 inches in diameter.
2. Install cast-iron "wall pipes" for sleeves 6 inches and larger in diameter.
3. Mechanical Sleeve Seal Installation: Select type and number of sealing  elements required for pipe

material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

O. Underground, Exterior-Wall Pipe Penetrations: Install cast-iron "wall pipes" for sleeves. Seal pipe
penetrations using mechanical sleeve seals. Select sleeve size to allow for 1-inch annular clear space
between pipe and sleeve for installing mechanical sleeve seals.
1. Mechanical Sleeve Seal Installation: Select type and number of sealing  elements required for pipe

material and size. Position pipe in center of sleeve. Assemble mechanical sleeve seals and install
in annular space between pipe and sleeve. Tighten bolts against pressure plates that cause sealing
elements to expand and make watertight seal.

P. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestop materials. Refer to Division 07 Section "Penetration
Firestopping" for materials.

Q. Verify final equipment locations for roughing-in.

R. Refer to equipment specifications in other Sections of these Specifications for roughing-in requirements.

3.3 PIPING JOINT CONSTRUCTION

A. Join pipe and fittings according to the following requirements and Division 22 Sections specifying piping
systems.

B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
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D. Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube end.
Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder
alloy complying with ASTM B 32.

E. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using
copper-phosphorus brazing filler metal complying with AWS A5.8.

F. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and
clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings
and valves as follows:
1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is

specified.
2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged. Do

not use pipe sections that have cracked or open welds.

G. Welded Joints: Construct joints according to AWS D10.12, using qualified processes and welding
operators according to Part 1 "Quality Assurance" Article.

H. Flanged  Joints: Select  appropriate  gasket  material,  size,  type,  and  thickness  for  service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.

I. Plastic Piping Solvent-Cement Joints:  Clean and dry joining surfaces.  Join pipe and fittings according to
the following:
1. Comply with ASTM F 402, for safe-handling practice of cleaners, primers, and solvent cements.
2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 Appendixes.
3. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.
4. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC socket fittings

according to ASTM D 2672. Join other-than-schedule-number PVC pipe and socket fittings
according to ASTM D 2855.

5. PVC Nonpressure Piping: Join according to ASTM D 2855.
6. PVC  to  ABS  Nonpressure  Transition  Fittings: Join  according  to  ASTM D 3138 Appendix.

J. Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139.

K. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212.

L. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or paper towels.
Join according to ASTM D 2657.
1. Plain-End Pipe and Fittings: Use butt fusion.
2. Plain-End Pipe and Socket Fittings: Use socket fusion.

M. Fiberglass Bonded Joints:  Prepare pipe ends and fittings, apply adhesive, and join according to pipe
manufacturer's written instructions.

3.4 PIPING CONNECTIONS

A. Make connections according to the following, unless otherwise indicated:
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1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to each
piece of equipment.

2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final connection to
each piece of equipment.

3. Dry Piping Systems:  Install dielectric unions and flanges to connect piping materials of dissimilar
metals.

4. Wet Piping Systems:   Install dielectric coupling and nipple fittings to connect piping materials of
dissimilar metals.

3.5 EQUIPMENT INSTALLATION - COMMON REQUIREMENTS

A. Install equipment to allow maximum possible headroom unless specific mounting heights are not
indicated.

B. Install equipment level and plumb, parallel and perpendicular to other building systems and components
in exposed interior spaces, unless otherwise indicated.

C. Install plumbing equipment to facilitate service, maintenance, and repair or replacement of components.
Connect equipment for ease of disconnecting, with minimum interference to other installations. Extend
grease fittings to accessible locations.

D. Install equipment to allow right of way for piping installed at required slope.

3.6 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base according to equipment manufacturer's written
instructions and according to seismic codes at Project.
1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both

directions than supported unit.
2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install

dowel rods on 18-inch centers around the full perimeter of the base.
3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and

anchor into structural concrete floor.
4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings,

templates, diagrams, instructions, and directions furnished with items to be embedded.
5. Install anchor bolts to elevations required for proper attachment to supported equipment.
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
7. Use 3000-psi, 28-day compressive-strength concrete and reinforcement as specified in Division 03

Section "Cast-in-Place Concrete."

3.7 ERECTION OF METAL SUPPORTS AND ANCHORAGES

A. Refer to Division 05 Section "Metal Fabrications" for structural steel.

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to
support and anchor plumbing materials and equipment.

C. Field Welding: Comply with AWS D1.1.
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D. ERECTION OF WOOD SUPPORTS AND ANCHORAGES

E. Cut, fit, and place wood grounds, nailers, blocking, and anchorages to support, and anchor plumbing
materials and equipment.
1. Select fastener sizes that will not penetrate members if opposite side will be exposed to view or will

receive finish materials. Tighten connections between members. Install fasteners without splitting
wood members.

2. Attach to substrates as required to support applied loads.

3.8 GROUTING

A. Mix and install grout for plumbing equipment base bearing surfaces, pump and other equipment base
plates, and anchors.

B. Clean surfaces that will come into contact with grout.

C. Provide forms as required for placement of grout.

D. Avoid air entrapment during placement of grout.

E. Place grout, completely filling equipment bases.

F. Place grout on concrete bases and provide smooth bearing surface for equipment.

G. Place grout around anchors.

END OF SECTION
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SECTION 22 0516 - EXPANSION FITTINGS AND LOOPS FOR PLUMBING PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Flexible pipe connectors.

B. Expansion joints and compensators.

C. Pipe loops, offsets, and swing joints.

1.2 REFERENCE STANDARDS

A. ASTM A269/A269M - Standard Specification for Seamless and Welded Austenitic Stainless Steel Tubing
for General Service; 2015a.

B. EJMA (STDS) - EJMA Standards; Tenth Edition.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:
1. Flexible Pipe Connectors:  Indicate maximum temperature and pressure rating, face-to-face length,

live length, hose wall thickness, hose convolutions per foot and per assembly, fundamental
frequency of assembly, braid structure, and total number of wires in braid.

2. Expansion Joints:  Indicate maximum temperature and pressure rating, and maximum expansion
compensation.

C. Design Data:  Indicate selection calculations.

D. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Extra Packing for Packed Expansion Joints:  One set for each joint.

PART 2  PRODUCTS

2.1 FLEXIBLE PIPE CONNECTORS - STEEL PIPING

A. Manufacturers:
1. Mercer Rubber Company; ______:  www.mercer-rubber.com/#sle.
2. The Metraflex Company; ______:  www.metraflex.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Inner Hose:  Carbon steel.

C. Exterior Sleeve:  Single braided, stainless steel.

D. Pressure Rating:  125 psi and 450 degrees F.
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E. Joint:  Flanged.

F. Size:  Use pipe sized units.

G. Maximum offset:  3/4 inch on each side of installed center line.

2.2 FLEXIBLE PIPE CONNECTORS - COPPER PIPING

A. Manufacturers:
1. Mercer Rubber Company; ______:  www.mercer-rubber.com/#sle.
2. The Metraflex Company; ______:  www.metraflex.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Inner Hose:  Bronze.

C. Exterior Sleeve:  Braided bronze.

D. Pressure Rating:  125 psi and 450 degrees F.

E. Joint:  Flanged.

F. Size:  Use pipe sized units.

G. Maximum offset:  3/4 inch on each side of installed center line.

H. Application:  Copper piping.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Install flexible pipe connectors on pipes connected to vibration isolated equipment.  Provide line size
flexible connectors.

C. Install flexible connectors at right angles to displacement.  Install one end immediately adjacent to
isolated equipment and anchor other end.  Install in horizontal plane unless indicated otherwise.

D. Provide support and equipment required to control expansion and contraction of piping.  Provide loops,
pipe offsets, and swing joints, or expansion joints where required.

END OF SECTION
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SECTION 22 0523 - GENERAL-DUTY VALVES FOR PLUMBING PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary Conditions
and Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:
1. Brass ball valves.
2. Bronze ball valves.
3. Iron, single-flange butterfly valves.
4. Iron, grooved-end butterfly valves.
5. Bronze lift check valves.
6. Bronze swing check valves.
7. Iron swing check valves.
8. Iron, grooved-end swing check valves.
9. Bronze gate valves.
10. Bronze globe valves.
11. Chainwheels.

1.3 RELATED SECTIONS:

A. Section 220553 "Identification for Plumbing Piping and Equipment" for valve tags and schedules.

B. Section 221113 "Facility Water Distribution Piping" for valves applicable only to this piping.

C. Section 221116 "Domestic Water Piping" for valves applicable only to this piping.

D. Section 221319 "Sanitary Waste Piping Specialties" for valves applicable only to this piping.

1.4 DEFINITIONS

A. CWP:  Cold working pressure.

B. EPDM:  Ethylene propylene copolymer rubber.

C. NBR:  Acrylonitrile-butadiene, Buna-N, or nitrile rubber.

D. NRS:  Nonrising stem.

E. OS&Y:  Outside screw and yoke.

F. RS:  Rising stem.

G. SWP:  Steam working pressure.
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1.5 ACTION SUBMITTALS

A. Product Data: For each type of valve indicated.

1.6 QUALITY ASSURANCE

A. Source Limitations for Valves: Obtain each type of valve from single source from single manufacturer.

B. ASME Compliance:
1. ASME B16.10 and ASME B16.34 for ferrous valve dimensions and design criteria.
2. ASME B31.1 for power piping valves.
3. ASME B31.9 for building services piping valves.
4. NSF Compliance: NSF 61 for valve materials for potable-water service.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:
1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooves, and weld ends.
3. Set angle, gate, and globe valves closed to prevent rattling.
4. Set ball and plug valves open to minimize exposure of functional surfaces.
5. Set butterfly valves closed or slightly open.
6. Block check valves in either closed or open position.

B. Use the following precautions during storage:
1. Maintain valve end protection.
2. STORE VALVES INDOORS AND MAINTAIN AT HIGHER THAN AMBIENT DEW POINT

TEMPERATURE. IF OUTDOOR STORAGE IS NECESSARY, STORE VALVES OFF THE
GROUND IN WATERTIGHT ENCLOSURES

3. USE SLING TO HANDLE LARGE VALVES; RIG SLING TO AVOID DAMAGE TO EXPOSED
PARTS. DO NOT USE HANDWHEELS OR STEMS AS LIFTING OR RIGGING POINTS

PART 2 - PRODUCTS

2.1 GENERAL REQUIREMENTS FOR VALVES

A. Refer to valve schedule articles for applications of valves.

B. Valves shall be American made.

C. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures
and temperatures.

D. Valve Sizes:  Same as upstream piping unless otherwise indicated.

E. Valve Actuator Types:
1. Gear Actuator:  For quarter-turn valves NPS 8 (DN 200) and larger.
2. Handwheel:  For valves other than quarter-turn types.
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3. Handlever:  For quarter-turn valves NPS 6 (DN 150) and smaller[ except plug valves].
4. Wrench:  For plug valves with square heads.  Furnish Cleveland Clinic with 1 wrench for every [5]

[10] plug valves, for each size square plug-valve head.
5. Chainwheel:  Device for attachment to valve handwheel, stem, or other actuator; of size and with

chain for mounting height, as indicated in the "Valve Installation" Article.

F. Valves in Insulated Piping: With 2-inch (50-mm) stem extensions and the following features:
1. Gate Valves: With rising stem.
2. Ball Valves: With extended operating handle of non-thermal-conductive material, and protective

sleeve that allows operation of valve without breaking the vapor seal or disturbing insulation.
3. Butterfly Valves: With extended neck.

G. Valve-End Connections:
1. Flanged: With flanges according to ASME B16.1 for iron valves.
2. Grooved:  With grooves according to AWWA C606.
3. Solder Joint: With sockets according to ASME B16.18.
4. Threaded: With threads according to ASME B1.20.1.

H. Valve Bypass and Drain Connections: MSS SP-45.

2.2 BRASS BALL VALVES

A. Two-Piece, Full-Port, Brass Ball Valves with Brass Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Hammond Valve.
b. Milwaukee Valve Company.
c. Mueller.
d. Watts.
e. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Two piece.
e. Body Material: Forged brass.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Brass.
i. Ball:  Chrome-plated brass.
j. Port:  Full.

B. Two-Piece, Full-Port, Brass Ball Valves with Stainless-Steel Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Hammond Valve.
b. Milwaukee Valve Company.
c. Mueller
d. Watts.
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e. Conbraco Industries, Inc.; Apollo Valves.
2. Description:

a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Two piece.
e. Body Material: Forged brass.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Stainless steel.
i. Ball:  Stainless steel, vented.
j. Port:  Full.

C. Three-Piece, Full-Port, Brass Ball Valves with Brass Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
b. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Three piece.
e. Body Material: Forged brass.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Brass.
i. Ball:  Chrome-plated brass.
j. Port:  Full.

D. Three-Piece, Full-Port, Brass Ball Valves with Stainless-Steel Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Mueller.
b. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
c. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Three piece.
e. Body Material: Forged brass.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Stainless steel.
i. Ball:  Stainless steel, vented.
j. Port:  Full.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

GENERAL-DUTY VALVES FOR PLUMBING PIPING 22 0523 - 5

2.3 BRONZE BALL VALVES

A. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. American Valve, Inc.
b. Conbraco Industries, Inc.; Apollo Valves.
c. Hammond Valve.
d. Milwaukee Valve Company.
e. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Two piece.
e. Body Material: Bronze.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Bronze.
i. Ball:  Chrome-plated brass.
j. Port:  Full.

B. Two-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Hammond Valve.
c. Milwaukee Valve Company.
d. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Two piece.
e. Body Material: Bronze.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Stainless steel.
i. Ball:  Stainless steel, vented.
j. Port:  Full.

C. Three-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Hammond Valve.
c. Milwaukee Valve Company.
d. Red-White Valve Corporation.

2. Description:
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a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Three piece.
e. Body Material: Bronze.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Bronze.
i. Ball:  Chrome-plated brass.
j. Port:  Full.

D. Three-Piece, Full-Port, Bronze Ball Valves with Stainless-Steel Trim:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Hammond Valve.
c. Milwaukee Valve Company.

2. Description:
a. Standard:  MSS SP-110.
b. SWP Rating:  150 psig (1035 kPa).
c. CWP Rating:  600 psig (4140 kPa).
d. Body Design:  Three piece.
e. Body Material: Bronze.
f. Ends: Threaded.
g. Seats:  PTFE or TFE.
h. Stem:  Stainless steel.
i. Ball:  Stainless steel, vented.
j. Port:  Full.

2.4 IRON, SINGLE-FLANGE BUTTERFLY VALVES

A. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Aluminum Bronze Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Crane Co.; Crane Valve Group; Center Line.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. DeZurik Water Controls.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. Mueller Steam Specialty; a division of SPX Corporation.
h. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-67, Type I, API 609.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design: Lug type; suitable for bidirectional double dead-end service at full rated pressure

2” through 12” without use of downstream flange. Field replaceable hard phenolic backed
liner.

d. Stem:  One- or two-piece 416 stainless steel.
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e. Disc: Aluminum bronze.

B. 200 CWP, Iron, Single-Flange Butterfly Valves with NBR Seat:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Crane Co.; Crane Valve Group; Center Line.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. DeZurik Water Controls.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. Mueller Steam Specialty; a division of SPX Corporation.
h. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-67, Type I, API 609.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design: Lug type; suitable for bidirectional double dead-end service at full rated pressure

2” through 12” without use of downstream flange. Field replaceable hard phenolic backed
liner.

d. Body Material: ASTM A 126, cast iron or ASTM A 536, ductile iron.
e. Seat:  NBR.
f. Stem:  One- or two-piece 416 stainless steel.
g. Disc: Nickel-plated[ or -coated] ductile iron.

C. 200 CWP, Iron, Single-Flange Butterfly Valves with EPDM Seat and Stainless-Steel Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. DeZurik Water Controls.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. Mueller Steam Specialty; a division of SPX Corporation.
h. Red-White Valve Corporation.
i. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-67, Type I.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design: Lug type; suitable for bidirectional double dead-end service at full rated pressure

2” through 12” without use of downstream flange. Field replaceable hard phenolic backed
liner.

d. Stem:  One- or two-piece stainless steel.
e. Disc: Stainless steel.

D. 200 CWP, Iron, Single-Flange Butterfly Valves with NBR Seat and Stainless-Steel Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.; Apollo Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
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c. Crane Co.; Crane Valve Group; Stockham Div.
d. DeZurik Water Controls.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. Mueller Steam Specialty; a division of SPX Corporation.
h. Red-White Valve Corporation.
i. Watts Regulator Co.; a division of Watts Water Technologies, Inc.

2. Description:
a. Standard:  MSS SP-67, Type I.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design: Lug type; suitable for bidirectional double dead-end service at full rated pressure

2” through 12” without use of downstream flange. Field replaceable hard phenolic backed
cartridge.

d. Body Material: ASTM A 126, cast iron or ASTM A 536, ductile iron.
e. Seat:  NBR.
f. Stem:  One- or two-piece 416 stainless steel.
g. Disc: Stainless steel.

2.5 IRON, GROOVED-END BUTTERFLY VALVES

A. 175 CWP, Iron, Grooved-End Butterfly Valves:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Kennedy Valve; a division of McWane, Inc.
b. Shurjoint Piping Products.
c. Tyco Fire Products LP; Grinnell Mechanical Products.
d. Victaulic Company.
e. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-67, Type I.
b. CWP Rating:  175 psig (1200 kPa).
c. Body Material: Coated, ductile iron.
d. Stem:  Two-piece stainless steel.
e. Disc: Coated, ductile iron.
f. Seal:  EPDM.

B. 300 CWP, Iron, Grooved-End Butterfly Valves:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Anvil International, Inc.
b. Kennedy Valve; a division of McWane, Inc.
c. Mueller Steam Specialty; a division of SPX Corporation.
d. Shurjoint Piping Products.
e. Tyco Fire Products LP; Grinnell Mechanical Products.
f. Victaulic Company.
g. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-67, Type I.
b. NPS 8 (DN 200) and Smaller CWP Rating:  300 psig (2070 kPa).
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c. NPS 10 (DN 250) and Larger CWP Rating:  200 psig (1380 kPa).
d. Body Material: Coated, ductile iron.
e. Stem:  Two-piece stainless steel.
f. Disc: Coated, ductile iron.
g. Seal:  EPDM.

2.6 BRONZE LIFT CHECK VALVES

A. Class 125, Lift Check Valves with Bronze Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 1.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design:  Vertical flow.
d. Body Material: ASTM B 61 or ASTM B 62, bronze.
e. Ends: Threaded.
f. Disc: Bronze.

B. Class 125, Lift Check Valves with Nonmetallic Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Flo Fab Inc.
b. Hammond Valve.
c. Kitz Corporation.
d. Milwaukee Valve Company.
e. Mueller Steam Specialty; a division of SPX Corporation.
f. Red-White Valve Corporation.
g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
h. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 2.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design:  Vertical flow.
d. Body Material: ASTM B 61 or ASTM B 62, bronze.
e. Ends: Threaded.
f. Disc: NBR, PTFE, or TFE.

2.7 BRONZE SWING CHECK VALVES

A. Class 125, Bronze Swing Check Valves with Bronze Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
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d. Hammond Valve.
e. Milwaukee Valve Company.
f. Red-White Valve Corporation.
g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
h. Conbraco Industries, Inc.; Apollo Valves
i. Description:

1) Standard:  MSS SP-80, Type 3.
2) CWP Rating:  200 psig (1380 kPa).
3) Body Design:  Horizontal flow.
4) Body Material: ASTM B 62, bronze.
5) Ends: Threaded.
6) Disc: Bronze.

B. Class 150, Bronze Swing Check Valves with Bronze Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. Milwaukee Valve Company.
e. Red-White Valve Corporation.
f. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 3.
b. CWP Rating:  300 psig (2070 kPa).
c. Body Design:  Horizontal flow.
d. Body Material: ASTM B 62, bronze.
e. Ends: Threaded.
f. Disc: Bronze.

2.8 IRON SWING CHECK VALVES

A. Class 125, Iron Swing Check Valves with Metal Seats:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Division.
d. Hammond Valve.
e. Legend Valve.
f. Milwaukee Valve Company.
g. Red-White Valve Corporation.
h. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
i. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-71, Type I.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design:  Clear or full waterway.
d. Body Material: ASTM A 126, gray iron with bolted bonnet.
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e. Ends:  Flanged.
f. Trim:  Bronze.
g. Gasket:  Asbestos free.

B. Class 125, Iron Swing Check Valves with Nonmetallic-to-Metal Seats:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Stockham Division.
c. Conbraco Industries, Inc.; Apollo Valves.

2. Description
a. Standard:  MSS SP-71, Type I.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Design:  Clear or full waterway.
d. Body Material: ASTM A 126, gray iron with bolted bonnet.
e. Ends:  Flanged.
f. Trim:  Composition.
g. Seat Ring:  Bronze.
h. Disc Holder:  Bronze.
i. Disc: PTFE or TFE.
j. Gasket:  Asbestos free.

2.9 IRON, GROOVED-END SWING CHECK VALVES

A. 300 CWP, Iron, Grooved-End Swing Check Valves:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Anvil International, Inc.
b. Shurjoint Piping Products.
c. Tyco Fire Products LP; Grinnell Mechanical Products.
d. Victaulic Company.

2. Description:
a. CWP Rating:  300 psig (2070 kPa).
b. Body Material: ASTM A 536, ductile iron.
c. Seal:  EPDM.
d. Disc: Spring-operated, ductile iron or stainless steel.

2.10 BRONZE GATE VALVES

A. Class 125, NRS Bronze Gate Valves:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. American Valve, Inc.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Division.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. Red-White Valve Corporation.
h. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
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i. Conbraco Industries, Inc.; Apollo Valves.
j. Standard:  MSS SP-80, Type 1.
k. CWP Rating:  200 psig (1380 kPa).
l. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
m. Ends: Threaded[ or solder joint].
n. Stem:  Bronze.
o. Disc: Solid wedge; bronze.
p. Packing:  Asbestos free.
q. Handwheel: Malleable iron[, bronze, or aluminum].

2. Class 125, RS Bronze Gate Valves:
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Crane Co.; Crane Valve Group; Crane Valves.
2) Crane Co.; Crane Valve Group; Jenkins Valves.
3) Crane Co.; Crane Valve Group; Stockham Division.
4) Hammond Valve.
5) Milwaukee Valve Company.
6) Powell Valves.
7) Watts Regulator Co.; a division of Watts Water Technologies, Inc.
8) Conbraco Industries, Inc.; Apollo Valves.
9) Description:

(a) Standard:  MSS SP-80, Type 2.
(b) CWP Rating:  200 psig (1380 kPa).
(c) Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
(d) Ends: Threaded[ or solder joint].
(e) Stem:  Bronze.
(f) Disc: Solid wedge; bronze.
(g) Packing:  Asbestos free.
(h) Handwheel: Malleable iron[, bronze, or aluminum].

3. Class 150, NRS Bronze Gate Valves:
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Hammond Valve.
2) Milwaukee Valve Company.
3) Red-White Valve Corporation.
4) Watts Regulator Co.; a division of Watts Water Technologies, Inc.
5) Conbraco Industries, Inc.; Apollo Valves.
6) Description:

(a) Standard:  MSS SP-80, Type 1.
(b) CWP Rating:  300 psig (2070 kPa).
(c) Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
(d) Ends: Threaded.
(e) Stem:  Bronze.
(f) Disc: Solid wedge; bronze.
(g) Packing:  Asbestos free.
(h) Handwheel: Malleable iron[, bronze, or aluminum].
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4. Class 150, RS Bronze Gate Valves:
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Crane Co.; Crane Valve Group; Crane Valves.
2) Crane Co.; Crane Valve Group; Stockham Division.
3) Hammond Valve.
4) Milwaukee Valve Company.
5) Watts Regulator Co.; a division of Watts Water Technologies, Inc.
6) Conbraco Industries, Inc.; Apollo Valves.
7) Description:

(a) Standard:  MSS SP-80, Type 2.
(b) CWP Rating:  300 psig (2070 kPa).
(c) Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
(d) Ends: Threaded.
(e) Stem:  Bronze.
(f) Disc: Solid wedge; bronze.
(g) Packing:  Asbestos free.
(h) Handwheel: Malleable iron[, bronze, or aluminum].

2.11 BRONZE GLOBE VALVES

A. Class 125, Bronze Globe Valves with Bronze Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Stockham Division.
c. Hammond Valve.
d. Milwaukee Valve Company.
e. Red-White Valve Corporation.
f. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
g. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 1.
b. CWP Rating:  200 psig (1380 kPa).
c. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
d. Ends: Threaded[ or solder joint].
e. Stem and Disc:  Bronze.
f. Packing:  Asbestos free.
g. Handwheel: Malleable iron[, bronze, or aluminum].

B. Class 125, Bronze Globe Valves with Nonmetallic Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Stockham Division.
c. Red-White Valve Corporation.
d. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 2.
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b. CWP Rating:  200 psig (1380 kPa).
c. Body Material: ASTM B 62, bronze with integral seat and screw-in bonnet.
d. Ends: Threaded[ or solder joint].
e. Stem:  Bronze.
f. Disc: PTFE or TFE.
g. Packing:  Asbestos free.
h. Handwheel: Malleable iron[, bronze, or aluminum].

C. Class 150, Bronze Globe Valves with Nonmetallic Disc:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Crane Co.; Crane Valve Group; Crane Valves.
b. Hammond Valve.
c. Milwaukee Valve Company.
d. Red-White Valve Corporation.
e. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
f. Conbraco Industries, Inc.; Apollo Valves.

2. Description:
a. Standard:  MSS SP-80, Type 2.
b. CWP Rating:  300 psig (2070 kPa).
c. Body Material: ASTM B 62, bronze with integral seat and union-ring bonnet.
d. Ends: Threaded.
e. Stem:  Bronze.
f. Disc: PTFE or TFE.
g. Packing:  Asbestos free.
h. Handwheel: Malleable iron[, bronze, or aluminum].

2.12 CHAINWHEELS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. Babbitt Steam Specialty Co.
2. Roto Hammer Industries.
3. Trumbull Industries.

B. Description: Valve actuation assembly with sprocket rim, brackets, and chain.
1. Brackets: Type, number, size, and fasteners required to mount actuator on valve.
2. Attachment:  For connection to [ball] [butterfly] [and] [plug] valve stems.
3. Sprocket Rim with Chain Guides:  Ductile iron, of type and size required for valve.
4. Chain:  Hot-dip, galvanized steel, of size required to fit sprocket rim.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove special
packing materials, such as blocks, used to prevent disc movement during shipping and handling.

B. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible
by such operations.
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C. Examine threads on valve and mating pipe for form and cleanliness.

D. Examine mating flange faces for conditions that might cause leakage. Check bolting for proper size,
length, and material. Verify that gasket is of proper size, that its material composition is suitable for
service, and that it is free from defects and damage.

E. Do not attempt to repair defective valves; replace with new valves.

3.2 VALVE INSTALLATION

A. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance,
and equipment removal without system shutdown.

B. Locate valves for easy access and provide separate support where necessary.

C. Install valves in horizontal piping with stem at or above center of pipe.

D. Install valves in position to allow full stem movement.

E. Install chainwheels on operators for [ball]  [butterfly]  [gate]  [and]  [globe]  valves  NPS 4 (DN 100) and
larger and more than 96 inches (2400 mm) above floor. Extend chains to 60 inches (1520 mm) above
finished floor.

F. Install check valves for proper direction of flow and as follows:
1. Swing Check Valves:  In horizontal position with hinge pin level.
2. Lift Check Valves: With stem upright and plumb.

3.3 ADJUSTING

A. Adjust or replace valve packing after piping systems have been tested and put into service but before
final adjusting and balancing.  Replace valves if persistent leaking occurs.

3.4 GENERAL REQUIREMENTS FOR VALVE APPLICATIONS

A. If valve applications are not indicated, use the following:
1. Shutoff Service:  Ball, butterfly, or gate valves.
2. Butterfly Valve Dead-End Service:  Single-flange (lug) type.
3. Throttling Service:  Ball with memory stop, circuit setter, or flow control valves.
4. Pump-Discharge Check Valves:

a. NPS 2 (DN 50) and Smaller: Bronze swing check valves with [bronze] [or] [nonmetallic] disc.
b. NPS 2-1/2 (DN 65) and Larger for Domestic Water: Brass swing check valves with lever and

weight or with spring or iron, center-guided, [metal] [or] [resilient]-seat check valves.
c. NPS 2-1/2 (DN 65) and Larger for Sanitary Waste and Storm Drainage: Iron swing check

valves with lever and weight or spring.

B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with
higher SWP classes or CWP ratings may be substituted.

C. Select valves, except wafer types, with the following end connections:
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1. For Copper Tubing, NPS 2 (DN 50) and Smaller:  Threaded ends except where solder- joint
valve-end option is indicated in valve schedules below.

2. For Copper Tubing, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where threaded
valve-end option is indicated in valve schedules below.

3. For Copper Tubing, NPS 5 (DN 125) and Larger:  Flanged ends.
4. For Steel Piping, NPS 2 (DN 50) and Smaller: Threaded ends.
5. For Steel Piping, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  Flanged ends except where threaded

valve-end option is indicated in valve schedules below.
6. For Steel Piping, NPS 5 (DN 125) and Larger:  Flanged ends.
7. For Grooved-End [Copper Tubing] [and] [Steel Piping]: Valve ends may be grooved.

3.5 DOMESTIC, HOT- AND COLD-WATER VALVE SCHEDULE

A. Pipe NPS 4 (DN 100) and Smaller:
1. Bronze and Brass Valves:  May be provided with solder-joint ends instead of threaded ends.
2. Bronze Angle Valves: [Class 125] [Class 150], [bronze] [nonmetallic] disc.
3. Ball Valves: [Two] [Three] piece, full port, bronze with brass trim.
4. Bronze Swing Check Valves:  [Class 125], [bronze] [nonmetallic] disc.
5. Bronze Globe Valves: [Class 125] [Class 150], [bronze] [nonmetallic] disc.

B. Pipe NPS 6 (DN 150) and Larger:
1. Iron, Single-Flange Butterfly Valves: 200 CWP, [EPDM] [NBR] seat, [aluminum- bronze]

[ductile-iron] [stainless-steel] disc.
2. Iron, Grooved-End Butterfly Valves: 300 CWP.
3. Iron Swing Check Valves: [Class 125] [Class 250], [metal] [nonmetallic-to-metal]

seats.
4. Iron, Grooved-End Swing Check Valves:  300 CWP.

3.6 [SANITARY-WASTE] [AND] [STORM-DRAINAGE] VALVE SCHEDULE

A. Pipe NPS 2 (DN 50) and Smaller:
1. Bronze[ and Brass] Valves:  May be provided with solder-joint ends instead of threaded ends.
2. Bronze Angle Valves:  [Class 125] [Class 150], [bronze] [nonmetallic] [stainless-steel] disc.
3. Ball Valves:  [Two] [Three] piece, full port, [brass] [or] [bronze] with [brass] [bronze] [stainless-steel]

trim.
4. Bronze Swing Check Valves:  [Class 125] [Class 150], [bronze] [nonmetallic] disc.
5. Bronze Gate Valves: [Class 125] [Class 150], [NRS] [RS].
6. Bronze Globe Valves: [Class 125] [Class 150], [bronze] [nonmetallic] disc.
7. Pipe NPS 2-1/2 (DN 65) and Larger:

B. Iron Valves, NPS 2-1/2 to NPS 4 (DN 65 to DN 100):  May be provided with threaded ends instead of
flanged ends.
1. Iron Swing Check Valves: [Class 125] [Class 250], [metal] [nonmetallic-to-metal]

seats.
2. Iron, Grooved-End Swing Check Valves:  300 CWP.

END OF SECTION
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SECTION 22 0548 - VIBRATION AND SEISMIC CONTROLS FOR PLUMBING PIPING
AND EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Seismic control requirements.

B. Vibration-isolated equipment support bases.

C. Vibration isolators.

D. External seismic snubber assemblies.

E. Seismic restraint systems.

F. Vibration-isolated and/or seismically engineered roof curbs.

G. Inertia bases.

H. Vibration isolators.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete.

B. Section 21 0548 - Vibration and Seismic Controls for Fire Suppression Piping and Equipment.

C. Section 23 0548.01 - Vibration and Seismic Controls for HVAC.

1.3 DEFINITIONS

A. Plumbing Component:  Where referenced in this section in regards to seismic controls, applies to any
portion of the plumbing system subject to seismic evaluation in accordance with applicable codes,
including distributed systems (e.g., piping).

B. Seismic Restraint:  Structural members or assemblies of members or manufactured elements specifically
designed and applied for transmitting seismic forces between components and the seismic force-resisting
system of the structure.

1.4 REFERENCE STANDARDS

A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; Most
Recent Edition Cited by Referring Code or Reference Standard.

B. ASCE 19 - Structural Applications of Steel Cables for Buildings; 2016.

C. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited by Referring
Code or Reference Standard.
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D. FEMA 412 - Installing Seismic Restraints for Mechanical Equipment; 2002.

E. FEMA 413 - Installing Seismic Restraints for Electrical Equipment; 2004.

F. FEMA 414 - Installing Seismic Restraints for Duct and Pipe; 2004.

G. FEMA E-74 - Reducing the Risks of Nonstructural Earthquake Damage; 2012.

H. MFMA-4 - Metal Framing Standards Publication; 2004.

I. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2008.

1.5 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate selection and arrangement of vibration isolation and/or seismic control components with

the actual equipment to be installed.
2. Coordinate the work with other trades to provide additional framing and materials required for

installation.
3. Coordinate compatibility of support and attachment components with mounting surfaces at the

installed locations.
4. Seismic Controls:

a. Coordinate the arrangement of seismic restraints with piping, conduit, equipment, and other
potential conflicts installed under other sections or by others.

b. Coordinate the work with other trades to accommodate relative positioning of essential and
nonessential components in consideration of seismic interaction.

5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has fully cured

in accordance with Section 03 3000.

1.6 SUBMITTALS

A. Design Documents:  Prepare and submit all information required for plan review and permitting by
authorities having jurisdiction, including but not limited to floor plans, details, and calculations.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for products, including
materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators:  Include rated load capacities and deflections; include information on color

coding or other identification methods for spring element load capacities.
2. Seismic Controls:  Include seismic load capacities.

C.  Shop Drawings - Vibration Isolation Systems:
1. Include dimensioned plan views and sections indicating proposed arrangement of vibration

isolators; indicate equipment weights and static deflections.
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2. Vibration-Isolated Equipment Support Bases:  Include base weights, including concrete fill where
applicable; indicate equipment mounting provisions.

D. Shop Drawings - Seismic Controls:
1. Include dimensioned plan views and sections indicating proposed plumbing component locations

and distributed system routing, with locations and details of gravity supports and seismic restraints
and associated attachments.

2. Identify anchor manufacturer, type, minimum embedment, minimum spacing, minimum member
thickness, and minimum edge distance requirements.

3. Indicate proposed arrangement of distributed system trapeze support groupings.
4. Indicate proposed locations for distributed system flexible fittings and/or connections.
5. Indicate locations of seismic separations where applicable.

E. Seismic Design Data:
1. Include structural calculations, stamped or sealed by seismic controls designer, demonstrating

suitability of seismic controls for seismic design forces.

F. Shop Drawings:  Indicate inertia bases and locate vibration isolators, with static and dynamic load on
each.  

1.7 QUALITY ASSURANCE

A. Comply with applicable building code.

B. Seismic Controls Designer Qualifications:  Registered professional engineer licensed in Pennsylvania
and with minimum five years experience designing seismic restraints for nonstructural components.
1. Designer may be employed by the manufacturer of the seismic restraint products.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS

2.1 SEISMIC CONTROL REQUIREMENTS

A. Design and provide plumbing component restraints, supports, and attachments suitable for seismic loads
determined in accordance with applicable codes, as well as gravity and operating loads and other
structural design considerations of the installed location.  Consider wind loads for outdoor plumbing
components.

B. Seismic Design Criteria:  As indicated on drawings.

C. Component Importance Factor (Ip):  Plumbing components essential to life safety to be assigned a
component importance factor (Ip) of 1.5 as indicated or as required.  This includes but is not limited to:
1. Plumbing components required to function for life safety purposes after an earthquake.
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2. Plumbing components that support or otherwise contain hazardous substances.

D. Seismic Restraints:
1. Provide seismic restraints for plumbing components except where exempt according to applicable

codes and specified seismic design criteria, as approved by authorities having jurisdiction.
2. Seismic Restraint Exemptions:

a. Exemptions for Seismic Design Category C:
1) Plumbing components where either of the following apply:

(a) The component importance factor (Ip) is 1.0 and the component is positively
attached to the structure.

(b) The component weighs 20 pounds or less or, in the case of a distributed system, 5
pounds per foot or less.

2) Plumbing piping with component importance factor (Ip) of 1.5 and nominal pipe size of 2
inch or less, where flexible connections, expansion loops, or other assemblies are
provided between piping and associated components, and where piping is positively
attached to the structure; exemption does not apply to piping constructed of
low-deformability materials (e.g., cast iron, glass, nonductile plastics).

b. Exemptions for Seismic Design Category D, E, and F:
1) Discrete plumbing components that are positively attached to the structure where either

of the following apply:
(a) The component weighs 400 pounds or less, has a center of mass located 4 feet or

less above the adjacent floor level, flexible connections are provided between the
component and associated ductwork, piping, and conduit, and the component
importance factor (Ip) is 1.0.

(b) The component weighs 20 pounds or less or, in the case of a distributed system, 5
pounds per foot or less.

2) Plumbing piping with component importance factor (Ip) of 1.0 and nominal pipe size of 3
inch or less, or with component importance factor (Ip) of 1.5 and nominal pipe size of 1
inch or less, where flexible connections, expansion loops, or other assemblies are
provided between piping and associated components, and where piping is positively
attached to the structure; exemption does not apply to piping constructed of
low-deformability materials (e.g., cast iron, glass, nonductile plastics).

c. Plumbing Piping Exemptions, All Seismic Design Categories:
1) Plumbing piping where flexible connections, expansion loops, or other assemblies are

provided between piping and associated components, where piping is positively
attached to the structure, and where one of the following apply:
(a) Trapeze supported piping weighing less than 10 pounds per foot, where all pipes

supported meet size requirements for exemption as single pipes described under
specific seismic design category exemptions above.

(b) Trapeze supported piping with trapeze assemblies using 3/8 inch diameter rod
hangers not exceeding 12 inches in length from support point connection to the
supporting structure, where all pipes supported have a component importance
factor (Ip) of 1.0 and meet size requirements for exemption as single pipes
described under specific seismic design category exemptions above, and where
the total weight supported by any single trapeze is 100 pounds or less.

(c) Trapeze supported piping with trapeze assemblies using 1/2 inch diameter rod
hangers not exceeding 12 inches in length from support point connection to the
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supporting structure, where all pipes supported have a component importance
factor (Ip) of 1.0 and meet size requirements for exemption as single pipes
described under specific seismic design category exemptions above, and where
the total weight supported by any single trapeze is 200 pounds or less.

(d) Trapeze supported piping with trapeze assemblies using 1/2 inch diameter rod
hangers not exceeding 24 inches in length from support point connection to the
supporting structure, where all pipes supported have a component importance
factor (Ip) of 1.0 and meet size requirements for exemption as single pipes
described under specific seismic design category exemptions above, and where
the total weight supported by any single trapeze is 100 pounds or less.

(e) Hanger supported piping with individual rod hangers 3/8 inch or 1/2 inch in
diameter not exceeding 12 inches in length from support point connection to the
supporting structure, where pipe has a component importance factor (Ip) of 1.0 and
meets size requirements for exemption as single pipes described under specific
seismic design category exemptions above, and where the total weight supported
by any single rod is 50 pounds or less.

3. Comply with applicable general recommendations of the following, where not in conflict with
applicable codes, seismic design criteria, or other specified requirements:
a. ASHRAE (HVACA).
b. FEMA 412.
c. FEMA 413.
d. FEMA 414.
e. FEMA E-74.
f. SMACNA (SRM).

4. Seismic restraint capacities to be verified by a Nationally Recognized Testing Laboratory (NRTL) or
certified by an independent third-party registered professional engineer acceptable to authorities
having jurisdiction.

5. Seismic Type Vibration Isolators:
a. Comply with seismic design requirements, including conditions of equipment seismic

certification where applicable.
6. External Seismic Snubber Assemblies:

a. Provide quantity and arrangement of external seismic snubber assemblies as required to
restrain equipment in all directions (both lateral and vertical).

b. Do not use external seismic snubber assemblies that restrain equipment only in one or more
lateral directions (but not vertical) except where uplift forces are zero or are addressed by
other restraints.

7. Seismic Restraint Systems:
a. Except where otherwise restricted, use of either cable or rigid restraints is permitted.
b. Use only cable restraints to restrain vibration-isolated plumbing components, including

distributed systems.
c. Use only one restraint system type for a given plumbing component or distributed system

(e.g., piping) run; mixing of cable and rigid restraints on a given component/run is not
permitted.

d. Size restraint elements, including anchorage, to resist seismic loads as necessary to restrain
plumbing component in all lateral directions; consider bracket geometry in anchor load
calculations.
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e. Use rod stiffener clips to attach bracing to hanger rods as required to prevent rod buckling
from vertical (upward) compressive load introduced by cable or rigid restraints loaded in
tension, in excess of downward tensile load due to supported plumbing component weight.

f. Select hanger rods and associated anchorage as required to accommodate vertical
(downward) tensile load introduced by rigid restraints loaded in compression, in addition to
downward tensile load due to supported plumbing component weight.

g. Clevis hangers may only be used for attachment of transverse restraints; do not use for
attachment of longitudinal restraints.

h. Where seismic restraints are attached to clevis hangers, provide clevis bolt reinforcement
accessory to prevent clevis hanger deformation.

i. Do not introduce lateral loads on open bar joist chords or the weak axis of beams, or loads in
any direction at other than panel points unless approved by project Structural Engineer of
Record.

E. Seismic Attachments:
1. Attachments to be bolted, welded, or otherwise positively fastened without consideration of frictional

resistance produced by the effects of gravity.
2. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC Evaluation

Service, LLC (ICC-ES) or qualified evaluation service acceptable to authorities having jurisdiction
for compliance with applicable building code, and qualified for seismic applications; concrete
anchors to be qualified for installation in both cracked and uncracked concrete.

3. Do not use power-actuated fasteners.
4. Do not use friction clips (devices that rely on mechanically applied friction to resist loads). Beam

clamps may be used for supporting sustained loads where provided with restraining straps.
5. Comply with anchor minimum embedment, minimum spacing, minimum member thickness, and

minimum edge distance requirements.
6. Concrete Housekeeping Pads:

a. Increase size of pad as required to comply with anchor requirements.
b. Provide pad reinforcement and doweling to ensure integrity of pad and connection and to

provide adequate load path from pad to supporting structure.

F. Seismic Interactions:
1. Include provisions to prevent seismic impact between plumbing components and other structural or

nonstructural components.
2. Include provisions such that failure of a component, either essential or nonessential, does not

cause the failure of an essential component.

G. Seismic Relative Displacement Provisions:
1. Use suitable fittings or flexible connections to accommodate:

a. Relative displacements at connections between components, including distributed systems
(e.g., piping); do not exceed load limits for equipment utility connections.

b. Relative displacements between component supports attached to dissimilar parts of structure
that may move differently during an earthquake.

c. Design displacements at seismic separations.
d. Anticipated drifts between floors.
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2.2 MANUFACTURERS

A. Isolation Technology, Inc:  www.isolationtech.com.

2.3 VIBRATION-ISOLATED EQUIPMENT SUPPORT BASES

A. Manufacturers:
1. Vibration-Isolated Equipment Support Bases:

a. Kinetics Noise Control, Inc; :  www.kineticsnoise.com/#sle.
b. Mason Industries; :  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc; :  www.veco-nyc.com/#sle.

2.4 VIBRATION ISOLATORS

A. Manufacturers:
1. Vibration Isolators:

a. Kinetics Noise Control, Inc; :  www.kineticsnoise.com/#sle.
b. Mason Industries; :  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc; :  www.veco-nyc.com/#sle.

B. General Requirements:
1. Resilient Materials for Vibration Isolators:  Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a. Color code or otherwise identify springs to indicate load capacity.
b. Lateral Stability:  Minimum lateral stiffness to vertical stiffness ratio of 0.8.
c.  Designed to operate in the linear portion of their load versus deflection curve over deflection

range of not less than 50 percent above specified deflection.
d. Designed to provide additional travel to solid of not less than 50 percent of rated deflection at

rated load.
e. Selected to provide designed deflection of not less than 75 percent of specified deflection.
f. Selected to function without undue stress or overloading.

3. Seismic Snubbing Elements for Seismic Isolators:
a. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
b. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of

being visually inspected for damage and replaced.

C. Vibration Isolators for Seismic Applications:
1. Resilient Material Isolator Mounts, Seismic:

a. Description:  Mounting assemblies for bolting equipment to supporting structure utilizing
elastomeric (e.g., neoprene, rubber) isolator material; specifically designed and rated for
seismic applications with integral snubbing in all directions.

2. Restrained Spring Isolators, Seismic:
a. Description:  Isolator assembly consisting of single or multiple free-standing, laterally stable

steel spring(s) in series with elastomeric (e.g., neoprene, rubber) isolator material within a
metal housing designed to prevent movement of supported equipment above an adjustable
vertical limit stop; specifically designed and rated for seismic applications with integral
snubbing in all directions.
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b. Bottom Load Plate:  Steel with provisions for bolting to supporting structure as required.
c. Furnished with integral leveling device for positioning and securing supported equipment.
d. Provides constant free and operating height.

3. Resilient Material Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing elastomeric (e.g., neoprene, rubber) isolator material for the lower hanger rod
connection; specifically designed and rated for seismic applications with vertical limit stop to
prevent upward travel of hanger rod and cushion impact.

4. Spring Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing single or multiple free-standing, laterally stable steel spring(s) in series with an
elastomeric element for the lower hanger rod connection; specifically designed and rated for
seismic applications with vertical limit stop to prevent upward travel of hanger rod and cushion
impact.

b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees (plus/minus
15 degrees) without short-circuiting of isolation.

5. Combination Resilient Material/Spring Isolator Hangers, Seismic:
a. Description:  Isolator assembly designed for installation in hanger rod suspension system

utilizing single or multiple free-standing, laterally stable steel spring(s) for the lower hanger rod
connection and elastomeric (e.g., neoprene, rubber) isolator material for the upper hanger rod
connection; specifically designed and rated for seismic applications with vertical limit stop to
prevent upward travel of hanger rod and cushion impact.

b. Designed to accommodate misalignment of bottom hanger rod up to 30 degrees (plus/minus
15 degrees) without short-circuiting of isolation.

2.5 EXTERNAL SEISMIC SNUBBER ASSEMBLIES

A. Manufacturers:
1. External Seismic Snubber Assemblies:

a. Kinetics Noise Control, Inc; :  www.kineticsnoise.com/#sle.
b. Mason Industries; :  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc; :  www.veco-nyc.com/#sle.

B. Description:  Steel snubbing assemblies designed for external attachment to both equipment and
supporting structure that, as part of a complete system, restrain equipment motion in all directions during
a seismic event while maintaining vibration isolation during normal operation.

C. Seismic Snubbing Elements:
1. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
2. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of being

visually inspected for damage and replaced.

2.6 SEISMIC RESTRAINT SYSTEMS

A. Manufacturers:
1. Seismic Restraint Systems:

a. Eaton Corporation; :  www.eaton.com/#sle.
b. Kinetics Noise Control, Inc; :  www.kineticsnoise.com/#sle.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

VIBRATION AND SEISMIC CONTROLS FOR PLUMBING PIPING
AND EQUIPMENT

22 0548 - 9

c. Mason Industries; :  www.mason-ind.com/#sle.

B. Description:  System components and accessories specifically designed for field assembly and
attachment of seismic restraints.

C. Cable Restraints:
1. Comply with ASCE 19.
2. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
3. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings are not

permitted in accordance with ASCE 19.
4. Use protective thimbles for cable loops where potential for cable damage exists.

D. Rigid Restraints:  Use MFMA-4 steel channel (strut), steel angle, or steel pipe for structural element;
suitable for both compressive and tensile design loads.

2.7 VIBRATION-ISOLATED AND/OR SEISMICALLY ENGINEERED ROOF CURBS

A. Manufacturers:
1. Vibration-Isolated and/or Seismically Engineered Roof Curbs:

a. Kinetics Noise Control, Inc; :  www.kineticsnoise.com/#sle.
b. Mason Industries; :  www.mason-ind.com/#sle.
c. Vibration Eliminator Company, Inc; :  www.veco-nyc.com/#sle.

B. Vibration Isolation Curbs:
1. Seismic Curb:

a. Location:  Between structure and rooftop equipment.
b. Construction:  Steel.
c. Integral vibration isolation to comply with requirements of this section.
d. Snubbers consist of minimum 0.25 inch thick resilient pads to avoid metal-to-metal contact

without compromising vibration isolating capabilities.
e. Weather exposed components consist of corrosion resistant materials.

2.8 INERTIA BASES

A. Structural Bases:
1. Construction:  Welded structural steel with gusseted brackets, to support equipment and motor,

with motor slide rails.
2. Design:  Sufficiently rigid to prevent misalignment or undue stress on machine, and to transmit

design loads to isolators and snubbers.

B. Concrete Inertia Bases:
1. Construction:  Structural steel channel perimeter frame, with gusseted brackets and anchor bolts,

reinforcing; concrete filled.
2. Mass:  Minimum of 1.5 times weight of isolated equipment.
3. Connecting Point:  Reinforced to connect isolators and snubbers to base.
4. Concrete:  Minimum 3000 psi concrete.
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2.9 VIBRATION ISOLATORS

A. Restrained Open Spring Isolators:
1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working deflection

between 0.3 and 0.6 of maximum deflection.  Color code springs for load carrying capacity.
2. Spring Mounts:  Provide with leveling devices, minimum 0.25 inch thick neoprene sound pads, and

zinc chromate plated hardware.
3. Sound Pads:  Size for minimum deflection of 0.05 inch; meet requirements for neoprene pad

isolators.
4. Restraint:  Provide heavy mounting frame and limit stops.

B. Spring Hanger:
1. Springs:  Minimum horizontal stiffness equal to 75 percent vertical stiffness, with working deflection

between 0.3 and 0.6 of maximum deflection.  Color code springs for load carrying capacity.
2. Housings:  Incorporate neoprene isolation pad meeting requirements for neoprene pad isolators.
3. Misalignment:  Capable of 20 degree hanger rod misalignment.

C. Neoprene Pad Isolators:
1. Rubber or neoprene waffle pads.

a. Hardness:  30 durometer.
b. Thickness:  Minimum 1/2 inch.
c. Maximum Loading:  50 psi.
d. Rib Height:  Maximum 0.7 times width.

2. Configuration:  Single layer.
3. Configuration:  1/2 inch thick waffle pads bonded each side of 1/4 inch thick steel plate.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control components
and associated attachments.

B. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) evaluation
report conditions of use where applicable.

C. Secure fasteners according to manufacturer's recommended torque settings.

D.  Install flexible piping connections to provide sufficient slack for vibration isolation and/or seismic relative
displacements as indicated or as required.

E. Seismic Controls:
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1. Provide specified snubbing element air gap; remove any factory-installed spacers, debris, or other
obstructions.

2. Use only specified components, anchorage, and hardware evaluated by seismic design. Comply
with conditions of seismic certification where applicable.

3. Where mounting hole diameter exceeds bolt diameter by more than 0.125 inch, use epoxy grout,
elastomeric grommet, or welded washer to reduce clearance to 0.125 inch or less.

4. Equipment with Sheet Metal Housings:
a. Use Belleville washers to distribute stress over a larger surface area of the sheet metal

connection interface as approved by manufacturer.
b. Attach additional steel as approved by manufacturer where required to transfer loads to

structure.
c. Where mounting surface is irregular, do not shim housing; reinforce housing with additional

steel as approved by manufacturer.
5. Concrete Housekeeping Pads:

a. Size in accordance with seismic design to meet anchor requirements.
b. Install pad reinforcement and doweling in accordance with seismic design to ensure integrity

of pad and associated connection to slab.
6. Seismic Restraint Systems:

a. Do not attach seismic restraints and gravity supports to dissimilar parts of structure that may
move differently during an earthquake.

b. Install restraints within permissible angles in accordance with seismic design.
c. Install cable restraints straight between component/run and structural attachment; do not bend

around other nonstructural components or structural elements.
d. Install cable restraints for vibration-isolated components slightly slack to prevent

short-circuiting of isolation.
e. Install hanger rod stiffeners where indicated using only specified clamps; do not weld

stiffeners to hanger rod.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect vibration isolation and/or seismic control components for damage and defects.

C. Seismic Controls:
1. Verify snubbing element air gaps.

D. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control
components.

END OF SECTION
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SECTION 22 0553 - IDENTIFICATION FOR PLUMBING PIPING AND EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Nameplates.

B. Tags.

C. Pipe markers.

D. Ceiling tacks.

1.2 REFERENCE STANDARDS

A. ASME A13.1 - Scheme for the Identification of Piping Systems; 2015.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification.

PART 2  PRODUCTS

2.1 IDENTIFICATION APPLICATIONS

A. Air Terminal Units:  Tags.

B. Dampers:  Ceiling tacks, where located above lay-in ceiling.

C. Major Control Components:  Nameplates.

D. Piping:  Tags.

E. Pumps:  Nameplates.

F. Tanks:  Nameplates.

G. Thermostats:  Nameplates.

H. Valves:  Tags and ceiling tacks where located above lay-in ceiling.

2.2 NAMEPLATES

A. Description:  Laminated three-layer plastic with engraved letters.
1. Letter Color:  White.
2. Letter Height:  1/4 inch.
3. Background Color:  Black.
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2.3 TAGS

A. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting background
color.  Tag size minimum 1-1/2 inch diameter.

B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth edges.

2.4 PIPE MARKERS

A. Comply with ASME A13.1.

B. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around pipe or pipe
covering; minimum information indicating flow direction arrow and identification of fluid being conveyed.

C. Underground Plastic Pipe Markers:  Bright colored continuously printed plastic ribbon tape, minimum 6
inches wide by 4 mil thick, manufactured for direct burial service.

D. Color code as follows:
1. Potable, Cooling, Boiler, Feed, Other Water:  Green with white letters.
2. Flammable Fluids:  Yellow with black letters.

2.5 CEILING TACKS

A. Manufacturers:
1. Craftmark Pipe Markers; ______:  www.craftmarkid.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  Steel with 3/4 inch diameter color coded head.

C. Color code as follows:
1. HVAC Equipment:  Yellow.
2. Fire Dampers and Smoke Dampers:  Red.
3. Plumbing Valves:  Green.
4. Heating/Cooling Valves:  Blue.

PART 3  EXECUTION

3.1 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.

3.2 INSTALLATION

A. Install plastic nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with
sufficient adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.

C. Install plastic pipe markers in accordance with manufacturer's instructions.
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D. Install plastic tape pipe markers complete around pipe in accordance with manufacturer's instructions.

E. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above buried pipe.

F. Use tags on piping 3/4 inch diameter and smaller.
1. Identify service, flow direction, and pressure.
2. Install in clear view and align with axis of piping.
3. Locate identification not to exceed 20 feet on straight runs including risers and drops, adjacent to

each valve and Tee, at each side of penetration of structure or enclosure, and at each obstruction.

G. Locate ceiling tacks to locate valves or dampers above lay-in panel ceilings.  Locate in corner of panel
closest to equipment.

END OF SECTION
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SECTION 22 0719 - PLUMBING INSULATION

PART 1 GENERAL

1.1 SUMMARY

A. Section Includes:
1. Piping system insulation.
2. Equipment insulation.
3. Pipe insulation jackets.
4. Equipment insulation jackets.
5. Insulation accessories including vapor retarders and accessories.

B. The intent of these standards are to provide input to the design team on the University’s preference of
manufacturers, design, equipment options and quality assurance to maintain the longevity of its assets.

1.2 REQUIREMENTS

A. All insulation shall have a maximum flame spread index of 25.

B. All insulation shall have a maximum smoke developed index of 50.

1.3 SUBMITTALS

A. Product Data: Submit product description, thermal characteristics, flame spread index, smoke developed
index and list of materials and thickness for each service, and location.

1.4 CLOSE OUT SUBMITTALS

A. Not Applicable

1.5 QUALITY ASSURANCE

A. Insulation shall be installed to provide an impenetrable vapor barrier around the object insulated. The
insulation contractor shall fully adhere insulation to all surfaces so that there are no gaps between the
insulation and the surface of the object insulated.

B. Insulation shall not be compressed when installed upon objects.  Insulator shall install insulation so that it
maintains its original (specified) thickness.

C. Insulation jacketing must maintain a continuous barrier around insulation. Insulation jacketing that has
cuts, rips or breaks will not be accepted.

D. Insulation jacketing must be clean and having its original reflectivity.

E. Maintain temperature before, during and after installation for a minimum of 24 hours.
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1.6 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site in original factory packaging, labeled with manufacturer's identification, including
product density and thickness.

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and damage, by storing in
original wrapping.

1.7 ENVIRONMENTAL REQUIREMENTS

A. Install insulation only when ambient temperature and humidity conditions are within range recommended
by manufacturer.

B. Maintain temperature during and after installation for minimum period of 24 hours.

1.8 FIELD MEASUREMENTS

A. Verify field measurements prior to fabrication.

PART 2 PRODUCTS

2.1 INSULATION CODE

A. MAN MADE MINERAL FIBER: Insulation Code PI-1
1. Insulation: ASTM C457, Type I - pipe and tubing insulation

a. Temperature ranges 0F to 850F
b. ‘K’ factor: ASTM C177, 0.24 at 75 degrees F
c. ASJ Vapor Retarder Jacket
d. Moisture Vapor Transmission: 0.002 perm

B. MAN MADE MINERAL FIBER:   Insulation Code PI-2
1. Insulation: ASTM C1393, Type I - semi rigid fiberous glass board, Class 2

a. Temperature ranges 0F to 850F
b. ‘K’ factor: ASTM C177, 0.27 at 75 degrees F
c. ASJ Vapor Retarder Jacket

1) Moisture Vapor Transmission: 0.002 perm

C. CELLULAR POLYISOCYANURATE INSULATION: Insulation Code PI-3
1. Unfaced Preformed Rigid Cellular Polyisocyanurate Thermal Insulation: ASTM C591, Type III,

compressive strength 50 psi
a. Temperature ranges -297F to 250F
b. ‘K” factor: 0.19 at 75 degrees F.
c. Fasteners: Fasten with fiber reinforced masking tape. For sizedover 6” fasten with18 gage

stainless steel wires over fiber reinforced masking tape.

D. ELASTOMERIC CELLULAR FOAM: Insulation Code PI-4
1. Preformed Flexible Elastomeric Cellular Thermal Insulation in Sheet and Tubular form: ASTM

C534; Type I, Tubular form.
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2. Elastomeric Foam Adhesive:
a. Air dried, contact adhesive, compatible with insulation.

2.2 PIPE INSULATION AND EQUIPMENT JACKETS:

A. PVC Plastic Jacket: Insulation Jacket Code PJ-1
1. Product Description: Sheet material, WHITE.
2. Moisture Vapor Transmission: ASTM E96; 0.002 perm-inches.

a. Thickness: 30 mil.
1) Connections: Brush on welding adhesive.
2) Compatible with insulation.

B. VentureClad: Insulation Jacket Code PJ-2
1. VentureClad model 1579CW-E insulation jacketing tape with and aluminum stucco embossed

finish.
a. Stainless Steel Pipe Jacket: Insulation Jacket Code PJ-3

1) ASTM A167 Type 304 stainless steel
2) Thickness: 0.18 inch thick
3) Finish: Smooth
4) Metal Jacket Bands: 3/8” wide; 0.010 inch thick stainless steel

2.3 PUMP INSULATION:

A. All pumps insulation shall be formed into a box surrounding the pump and fabricated from polystyrene
board (engineer to determine required thickness). Polystyrene board shall be covered VentureClad model
1577CW-WM tape. Edges and corners of the box shall be connected via wooden skewers and shall be
sealed with and adhesive similar to Childers CP-97 Fibros Adhesive. Tape all seams and joints with FSK
tape.

2.4 VALVE INSULATION:

A. All Domestic water valves shall be insulated per systems insulation requirements.

B. APPROVED INSULATION MANUFACTURERS:

2.5 ARMSTRONG

A. Certain-Teed

B. Dow Chemical

C. HiTherm

D. Johns Manville

E. Owens Corning

F. Pittsburg Corning
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G. Specialty Products & Insulation

H. Venture Products

PART 3 EXECUTION

3.1 EXAMINATION

A. Verify piping and equipment has been tested before applying insulation materials.

B. Verify surfaces are clean and dry, with foreign material removed.

3.2 INSTALLATION

A. Verify field measurements prior to fabrication.

B. Insulate entire piping system including fittings, valves, unions, flanges, strainers, flexible connections,
pump bodies, and expansion joints:
1. Furnish factory-applied or field-applied vapor retarder jackets. Secure factory- applied jackets with

pressure sensitive adhesive self-sealing longitudinal laps and butt strips. Secure field-applied
jackets with outward clinch expanding staples and seal staple penetrations with vapor retarder
mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as adjacent
pipe. Finish with fitting covers.

C. Inserts and Shields:
1. Application: Piping or Equipment
2. Shields: Minimum 12inches Long Galvanized steel between pipe hangers or pipe hanger rolls and

inserts.
3. Insert location: Between support shield and piping and under finish jacket.
4. Inserts (Domestic Cold Water and Rain Water Collectors):  Armaflex Ultima (Wood Dowels or Wood

Blocking are not allowed)
5. Inserts (Domestic Hot Water): 12” long minimum  Calcium Silicate (Wood Dowels or Wood Blocking

are not allowed)

D. Continue insulation through penetrations of building assemblies or portions of assemblies having fire
resistance rating of one hour or less. Provide intumescent fire stopping when continuing insulation
through assembly. Finish at supports, protrusions, and interruptions.

E. All vapor barrier and jacket seams shall be located located at 3 or 9 o’clock position on side of horizontal
piping and  with overlap facing down to shed water or on bottom side of horizontal duct.

F. Heat Traced Piping: Size insulation large enough to enclose pipe and heat tracer.

G. Factory Insulated Equipment: Do not insulate.

H. Exposed Piping and Equipment: Locate insulation and cover seams in least visible locations.  Jacketing
required on exposed piping.
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I. Apply insulation close to equipment by grooving, scoring, and beveling insulation. Fasten insulation to
equipment with studs, pins, clips, adhesive, wires, or bands.

J. Finish insulation at supports, protrusions, and interruptions.

K. Nameplates and ASME Stamps: Bevel and seal insulation around; do not insulate over.

L. Equipment Requiring Access for Maintenance, Repair, or Cleaning: Install insulation for easy removal
and replacement without damage.

M. All piping routed interior to the building and in concealed spaces does not require a jacket.

3.3 SCHEDULES

A. Piping insulation required thickness based on fluid temperature and insulation conductivity:

For piping smaller than 1.5 inch and located in partitions within conditioned spaces, reduction of these
thicknesses by 1 inch shall be permitted, but not to a thickness less than 1 inch.

B. Pipe Insulation Schedule:
1. Piping System / Insulation Code / Jacket Code

a. Domestic Hot Water - Interior to Building Exposed / PI-1/ PJ-1 PJ-3*
b. Domestic Hot Water - Interior to Building Concealed / PI-1 / None Required
c. Domestic Cold Water - Interior to Building Exposed / PI-4 / PJ-1 PJ-3*
d. Domestic Cold Water - Interior to Building Concealed / PI-4 / None Required
e. Domestic Cold Water - Exterior to Building / PI-3 / PJ-2

* Use stainless steel jacket if room temperature exceeds 120F and where volatile or corrosive chemicals
are stored.

END OF SECTION
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SECTION 22 0719.11 - UNDER-LAVATORY PIPE AND SUPPLY COVERS - PLUMBEREX

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Under-lavatory pipe and supply covers.

1.2 RELATED REQUIREMENTS

A. Section 22 1005 - Plumbing Piping.

1.3 REFERENCE STANDARDS

A. 28 CFR 36 - Nondiscrimination by Public Accommodations and in Commercial Facilities; Final Rule;
Department of Justice; current edition.

B. 36 CFR 1191 - Americans with Disabilities Act (ADA) Accessibility Guidelines for Buildings and Facilities;
Architectural Barriers Act (ABA) Accessibility Guidelines; current edition.

C. ADA Standards - Americans with Disabilities Act (ADA) Standards for Accessible Design; 2010.

D. ASTM C1822 - Standard Specification for Insulating Covers on Accessible Lavatory Piping; 2015.

E. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2018b.

F. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

G. ICC A117.1 - Accessible and Usable Buildings and Facilities; 2017.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide catalog illustrations of covers, sizes, and finishes.

C. Manufacturer's Instructions:  Indicate installation methods and procedures.

D. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's name and
registered with manufacturer.

1.5 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

PART 2  PRODUCTS

2.1 UNDER-LAVATORY PIPE AND SUPPLY COVERS

A. Basis of Design:  Plumberex Specialty Products, Inc; www.plumberex.com/#sle.
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1. Fusion Molded Under-Lavatory Insulators (Non-Sewn):  Plumberex Handy-Shield Maxx.
2. Slim Fit Under-Lavatory Insulators (Non-Sewn):  Plumberex Trap Gear.
3. Under-Lavatory Covers with Snap-Lock Fasteners (Molded):  Plumberex Pro-Extreme.

B. General:
1. Insulate exposed drainage piping including hot, cold, and tempered water supplies under lavatories

or sinks per ADA Standards.
2. Adhesives, sewing threads, and two-ply laminated materials are prohibited.
3. Exterior Surfaces:  Smooth nonabsorbent with no finger recessed indentations for easy cleaning.
4. Construction:  1/8 inch PVC with antimicrobial, antifungal, and ultraviolet light (UV) resistant

properties.
a. Comply with ASTM C1822 for covers on accessible lavatory piping.

C. ASTM E84 Compliant, Under-Lavatory Insulators:
1. Construction:  Soft, non-laminated, flexible PVC with antimicrobial, antifungal, and UV-resistant

properties.  Fusion molded one piece universal design for multiple P-trap configurations. 
Adhesives, sewing threads, and two ply laminated materials shall not be allowed.  Exterior surfaces
shall be smooth nonabsorbent with no finger recessed indentations for easy cleaning.  Supply riser
shall be flexible and a minimum of 15 inches inches in length.

2. Provide with weep hole for condensation drainage and ventilation.
3. Fasteners:  Reusable, fusion bonded Velcro and tamper resistant snap-locking fasteners with no

sharp or abrasive external surfaces.  No cable tie fasteners allowed.

D. Under-Lavatory Covers with Snap-Lock Fasteners:
1. Manufacturers:

a. Plumberex Specialty Products, Inc:  Plumberex Pro-Extreme; www.plumberex.com/#sle.
2. Construction:  PVC with antimicrobial, antifungal, and UV-resistant properties, one piece injected

molded design with internal bridge at top of J-bend to prevent separating.
3. Fasteners:  Reusable, snap-locking fasteners with no sharp or abrasive external surfaces. No cable

ties allowed.
4. Maintenance:  Valve and supply cover shall be accessible for maintenance without removal and

with removable, reusable access cap.
5. Provide with weep hole for condensation drainage and ventilation.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install under-lavatory guards according to manufacturer's written instructions..

3.2 CLEANING

A. Clean installed under-lavatory guards.

3.3 PROTECTION

A. Protect installed products from damage due to subsequent construction operations.
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B. Repair or replace damaged products before Date of Substantial Completion.

END OF SECTION
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      221113-1 FACILITY WATER DISTRIBUTION 
       PIPING 

SECTION 221113 
FACILITY WATER DISTRIBUTION PIPING 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 SUMMARY 

A. This Section includes water-distribution piping and related components outside the building for 
water service, fire-service mains, and combined water service and fire-service mains. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product indicated. 

B. Shop Drawings: Detail precast concrete vault assemblies and indicate dimensions, method of field 
assembly, and components. 

1.4 INFORMATIONAL SUBMITTALS 

A. Field quality-control test reports. 

1.5 CLOSEOUT SUBMITTALS 

A. Operation and maintenance data. 

1.6 QUALITY ASSURANCE 

A. Regulatory Requirements: 

1. Comply with requirements of utility company supplying water. Include tapping of water 
mains and backflow prevention. 

2. Comply with standards of authorities having jurisdiction for potable-water-service piping, 
including materials, installation, testing, and disinfection. 

3. Comply with standards of authorities having jurisdiction for fire-suppression water-service 
piping, including materials, hose threads, installation, and testing. 

B. Piping materials shall bear label, stamp, or other markings of specified testing agency. 
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C. Comply with ASTM F 645 for selection, design, and installation of thermoplastic water piping. 

D. Comply with FMG's "Approval Guide" or UL's "Fire Protection Equipment Directory" for fire-
service-main products. 

E. NFPA Compliance: Comply with NFPA 24 for materials, installations, tests, flushing, and valve and 
hydrant supervision for fire-service-main piping for fire suppression. 

F. NSF Compliance: 

1. Comply with NSF 14 for plastic potable-water-service piping. 
2. Comply with NSF 61 Annex G for materials for water-service piping and specialties for 

domestic water. 

1.7 PROJECT CONDITIONS 

A. Interruption of Existing Water-Distribution Service: Do not interrupt service to facilities occupied 
by Owner or others unless permitted under the following conditions and then only after arranging to 
provide temporary water-distribution service according to requirements indicated: 

1. Notify Owner no fewer than three days in advance of proposed interruption of service. 
2. Do not proceed with interruption of water-distribution service without Owner's written 

permission. 

1.8 COORDINATION 

A. Coordinate connection to water main with utility company. 

PART 2 - PRODUCTS 

2.1 PIPE AND FITTINGS 

A. Soft Copper Tube:  ASTM B 88, Type K, water tube, annealed temper. 

1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-
copper, solder-joint pressure type. Furnish only wrought-copper fittings if indicated. 

B. Hard Copper Tube:  ASTM B 88, Type K, water tube, drawn temper. 

1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-
copper, solder-joint pressure type. Furnish only wrought-copper fittings if indicated. 

C. Mechanical-Joint, Ductile-Iron Pipe: AWWA C151, with mechanical-joint bell and plain spigot end 
unless grooved or flanged ends are indicated. 

1. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern 
or AWWA C153, ductile-iron compact pattern. 
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2. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, and 
steel bolts. 

D. Push-on-Joint, Ductile-Iron Pipe: AWWA C151, with push-on-joint bell and plain spigot end unless 
grooved or flanged ends are indicated. 

1. Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or 
AWWA C153, ductile-iron compact pattern. 

2. Gaskets: AWWA C111, rubber. 

E. Grooved-Joint, Ductile-Iron Pipe: AWWA C151, with cut, rounded-grooved ends. 

1. Grooved-End, Ductile-Iron Pipe Appurtenances: 

F. PVC, AWWA Pipe: AWWA C900, Class 150, with bell end with gasket, and with spigot end. 

1. Comply with UL 1285 for fire-service mains if indicated. 
2. PVC Fabricated Fittings: AWWA C900, Class 150, with bell-and-spigot or double-bell ends. 

Include elastomeric gasket in each bell. 
3. PVC Molded Fittings: AWWA C907, Class 150, with bell-and-spigot or double-bell ends. 

Include elastomeric gasket in each bell. 
4. Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or 

AWWA C153, ductile-iron compact pattern. 

a. Gaskets: AWWA C111, rubber. 

5. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern 
or AWWA C153, ductile-iron compact pattern. 

a. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber 
gaskets, and steel bolts. 

2.2 JOINING MATERIALS 

A. Refer to Section 330500 "Common Work Results for Utilities" for commonly used joining 
materials. 

B. Brazing Filler Metals: AWS A5.8, BCuP Series. 

C. Bonding Adhesive for Fiberglass Piping: As recommended by fiberglass piping manufacturer. 

D. Plastic Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system 
manufacturer, unless otherwise indicated. 

2.3 PIPING SPECIALTIES 

A. Transition Fittings: Manufactured fitting or coupling same size as, with pressure rating at least equal 
to and ends compatible with, piping to be joined. 
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B. Tubular-Sleeve Pipe Couplings: 

1. Description: Metal, bolted, sleeve-type, reducing or transition coupling, with center sleeve, 
gaskets, end rings, and bolt fasteners and with ends of same sizes as piping to be joined. 

a. Standard: AWWA C219. 

2.4 GATE VALVES 

A. AWWA, Cast-Iron Gate Valves: 

1. Nonrising-Stem, Resilient-Seated Gate Valves: 

a. Description: Gray- or ductile-iron body and bonnet; with bronze or gray- or ductile-
iron gate, resilient seats, bronze stem, and stem nut. 

1) Standard: AWWA C509. 
2) Minimum Pressure Rating: 200 psig. 
3) End Connections: Mechanical joint. 
4) Interior Coating: Complying with AWWA C550. 

2. Nonrising-Stem, High-Pressure, Resilient-Seated Gate Valves: 

a. Description: Ductile-iron body and bonnet; with bronze or ductile-iron gate, resilient 
seats, bronze stem, and stem nut. 

1) Standard: AWWA C509. 
2) Minimum Pressure Rating: 250 psig. 
3) End Connections: Push on or mechanical joint. 
4) Interior Coating: Complying with AWWA C550. 

B. UL/FMG, Cast-Iron Gate Valves: 

1. OS&Y, Rising-Stem Gate Valves: 

a. Description: Iron body and bonnet and bronze seating material. 

1) Standards: UL 262 and FMG approved. 
2) Minimum Pressure Rating: 175 psig. 
3) End Connections: Flanged. 

C. Bronze Gate Valves: 
1. OS&Y, Rising-Stem Gate Valves: 

a. Description: Bronze body and bonnet and bronze stem. 

1) Standards: UL 262 and FMG approved. 
2) Minimum Pressure Rating: 175 psig. 
3) End Connections: Threaded. 
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2. Nonrising-Stem Gate Valves: 

a. Description: Class 125, Type 1, bronze with solid wedge, threaded ends, and 
malleable-iron handwheel. 

1) Standard: MSS SP-80. 

2.5 GATE VALVE ACCESSORIES AND SPECIALTIES 

A. Tapping-Sleeve Assemblies: 
1. Description: Sleeve and valve compatible with drilling machine. 

a. Standard: MSS SP-60. 
b. Tapping Sleeve: Cast- or ductile-iron or stainless-steel, two-piece bolted sleeve with 

flanged outlet for new branch connection. Include sleeve matching size and type of 
pipe material being tapped and with recessed flange for branch valve. 

c. Valve: AWWA, cast-iron, nonrising-stem, metal-seated gate valve with one raised face 
flange mating tapping-sleeve flange. 

B. Valve Boxes: Comply with AWWA M44 for cast-iron valve boxes. Include top section, adjustable 
extension of length required for depth of burial of valve, plug with lettering "WATER," and bottom 
section with base that fits over valve and with a barrel approximately 5 inches in diameter. 

1. Operating Wrenches: Steel, tee-handle with one pointed end, stem of length to operate 
deepest buried valve, and socket matching valve operating nut. 

C. Indicator Posts: UL 789, FMG-approved, vertical-type, cast-iron body with operating wrench, 
extension rod, and adjustable cast-iron barrel of length required for depth of burial of valve. 

2.6 WATER METERS 

A. Water meters will be furnished by utility company. 

2.7 BACKFLOW PREVENTERS 

A. Double-Check, Backflow-Prevention Assemblies: 
1. Standard:  ASSE 1015 or AWWA C510. 
2. Operation: Continuous-pressure applications, unless otherwise indicated. 
3. Pressure Loss:  5 psig maximum, through middle 1/3 of flow range. 
4. Size: NPS 3/4 to NPS 10. 
5. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with 

AWWA C550 or that is FDA approved for NPS 2-1/2 and larger. 
6. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger. 
7. Configuration: Designed for horizontal, straight through flow. 
8. Accessories: Ball valves with threaded ends on inlet and outlet of NPS 2 and smaller; OS&Y 

gate valves with flanged ends on inlet and outlet of NPS 2-1/2 and larger. 
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2.8 WATER METER BOXES 

A. Description: Cast-iron body and cover for disc-type water meter, with lettering "WATER METER" 
in cover; and with slotted, open-bottom base section of length to fit over service piping. 

1. Option: Base section may be cast-iron, PVC, clay, or other pipe. 

B. Description: Cast-iron body and double cover for disc-type water meter, with lettering "WATER 
METER" in top cover; and with separate inner cover; air space between covers; and slotted, open-
bottom base section of length to fit over service piping. 

C. Description: Polymer-concrete body and cover for disc-type water meter, with lettering "WATER" 
in cover; and with slotted, open-bottom base section of length to fit over service piping. Include 
vertical and lateral design loadings of 15,000 lb minimum over 10 by 10 inches square. 

2.9 CONCRETE VAULTS 

A. Description: Precast, reinforced-concrete vault, designed for A-16 load designation according to 
ASTM C 857 and made according to ASTM C 858. 

1. Ladder: ASTM A 36/A 36M, steel or polyethylene-encased steel steps. 
2. Manhole: ASTM A 48/A 48M Class No. 35A minimum tensile strength, gray-iron traffic 

frame and cover. 

a. Dimension: 24-inch minimum diameter, unless otherwise indicated. 

3. Manhole: ASTM A 536, Grade 60-40-18, ductile-iron traffic frame and cover. 

a. Dimension: 24-inch-minimum diameter, unless otherwise indicated. 

4. Drain: ASME A112.6.3, cast-iron floor drain with outlet of size indicated. Include body 
anchor flange, light-duty cast-iron grate, bottom outlet, and integral or field-installed bronze 
ball or clapper-type backwater valve. 

2.10 FIRE HYDRANTS 

A. Dry-Barrel Fire Hydrants: 
1. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main 

valve, drain valve, and NPS 6 mechanical-joint inlet. Include interior coating according to 
AWWA C550. Hydrant shall have cast-iron body, compression-type valve opening against 
pressure and closing with pressure. 

a. Standard: AWWA C502. 
b. Pressure Rating:  150 psig minimum. 

2. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main 
valve, drain valve, and NPS 6 mechanical-joint inlet. Hydrant shall have cast-iron body, 
compression-type valve opening against pressure and closing with pressure. 
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a. Standards: UL 246, FMG approved. 
b. Pressure Rating:  150 psig minimum. 
c. Outlet Threads: NFPA 1963, with external hose thread used by local fire department. 

Include cast-iron caps with steel chains. 
d. Operating and Cap Nuts: Pentagon, 1-1/2 inches point to flat. 
e. Direction of Opening: Open hydrant valve by turning operating nut to left or 

counterclockwise. 
f. Exterior Finish: Red alkyd-gloss enamel paint, unless otherwise indicated. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Refer to Section 312000 "Earth Moving" for excavating, trenching, and backfilling. 

3.2 PIPING APPLICATIONS 

A. General: Use pipe, fittings, and joining methods for piping systems according to the following 
applications. 

B. Transition couplings and special fittings with pressure ratings at least equal to piping pressure rating 
may be used, unless otherwise indicated. 

C. Do not use flanges or unions for underground piping. 

D. Flanges, unions, and special fittings may be used, instead of joints indicated, on aboveground piping 
and piping in vaults. 

E. Underground water-service piping NPS 3/4 to NPS 3 shall be soft copper tube, ASTM B 88, 
Type K; wrought-copper, solder-joint fittings; and brazed joints. 

F. Underground water-service piping NPS 4 and NPS 6 shall be any of the following: 
1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints. 
2. NPS 4 and NPS 6: NPS 6 PVC, AWWA Class 150 pipe; PVC, AWWA Class 150 molded 

fittings; and gasketed joints. 

G. Water Meter Box Water-Service Piping NPS 3/4 to NPS 2 shall be same as underground water-
service piping. 

H. Aboveground and Vault Water-Service Piping NPS 3/4 to NPS 3 shall be hard copper tube, 
ASTM B 88, Type K; wrought-copper, solder-joint fittings; and brazed joints. 

I. Aboveground and vault water-service piping NPS 4 and NPS 6 shall be the following: 
1. Ductile-iron, grooved-end pipe; ductile-iron, grooved-end appurtenances; and grooved joints. 

J. Underground Fire-Service-Main Piping NPS 6 to NPS 8 shall be the following: 

1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints. 
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K. Aboveground and Vault Fire-Service-Main Piping NPS 6 to NPS 8 shall be ductile-iron, grooved-
end pipe; ductile-iron-pipe appurtenances; and grooved joints. 

L. Underground Combined Water-Service and Fire-Service-Main Piping NPS 6 to NPS 10 shall be any 
of the following: 

1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints. 

M. Aboveground and Vault Combined Water Service and Fire-Service-Main Piping NPS 6 to NPS 10 
shall be ductile-iron, grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints. 

3.3 VALVE APPLICATIONS 

A. General Application: Use mechanical-joint-end valves for NPS 3 and larger underground 
installation. Use threaded- or flanged-end valves for installation in vaults. Use UL/FMG, nonrising-
stem gate valves for installation with indicator posts. Use corporation valves and curb valves with 
ends compatible with piping, for NPS 2 and smaller installation. 

B. Drawings indicate valve types to be used. Where specific valve types are not indicated, the 
following requirements apply: 

1. Underground Valves, NPS 3 and Larger: AWWA, cast-iron, nonrising-stem, resilient-seated 
gate valves with valve box. 

2. Use the following for valves in vaults and aboveground: 

a. Gate Valves, NPS 2 and Smaller: Bronze, nonrising stem. 
b. Gate Valves, NPS 3 and Larger:  AWWA, cast iron, OS&Y rising stem, resilient 

seated. 

3.4 PIPING SYSTEMS - COMMON REQUIREMENTS 

A. See Section 330500 "Common Work Results for Utilities" for piping-system common requirements. 

3.5 PIPING INSTALLATION 

A. Water-Main Connection: Arrange with utility company for tap of size and in location indicated in 
water main. 

B. Water-Main Connection: Tap water main according to requirements of water utility company and of 
size and in location indicated. 

C. Make connections larger than NPS 2 with tapping machine according to the following: 

1. Install tapping sleeve and tapping valve according to MSS SP-60. 
2. Install tapping sleeve on pipe to be tapped. Position flanged outlet for gate valve. 
3. Use tapping machine compatible with valve and tapping sleeve; cut hole in main. Remove 

tapping machine and connect water-service piping. 
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4. Install gate valve onto tapping sleeve. Comply with MSS SP-60. Install valve with stem 
pointing up and with valve box. 

D. Make connections NPS 2 and smaller with drilling machine according to the following: 

1. Install service-saddle assemblies and corporation valves in size, quantity, and arrangement 
required by utility company standards. 

2. Install service-saddle assemblies on water-service pipe to be tapped. Position outlets for 
corporation valves. 

3. Use drilling machine compatible with service-saddle assemblies and corporation valves. Drill 
hole in main. Remove drilling machine and connect water-service piping. 

4. Install corporation valves into service-saddle assemblies. 
5. Install manifold for multiple taps in water main. 
6. Install curb valve in water-service piping with head pointing up and with service box. 

E. Comply with NFPA 24 for fire-service-main piping materials and installation. 

1. Install copper tube and fittings according to CDA's "Copper Tube Handbook." 

F. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41. 

G. Install PE pipe according to ASTM D 2774 and ASTM F 645. 

H. Install PVC, AWWA pipe according to ASTM F 645 and AWWA M23. 

I. Bury piping with depth of cover over top at least 30 inches, with top at least 12 inches below level 
of maximum frost penetration. 

J. Extend water-service piping and connect to water-supply source and building-water-piping systems 
at outside face of building wall in locations and pipe sizes indicated. 

1. Terminate water-service piping at building wall until building-water-piping systems are 
installed. Terminate piping with caps, plugs, or flanges as required for piping material. Make 
connections to building-water-piping systems when those systems are installed. 

K. Mechanical sleeve seals are specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing 
Piping." 

L. Install underground piping with restrained joints at horizontal and vertical changes in direction. Use 
restrained-joint piping, thrust blocks, anchors, tie-rods and clamps, and other supports. 

3.6 JOINT CONSTRUCTION 

A. See Section 330500 "Common Work Results for Utilities" for basic piping joint construction. 

B. Make pipe joints according to the following: 

1. Ductile-Iron Piping, Gasketed Joints for Water-Service Piping: AWWA C600 and 
AWWA M41. 

2. Ductile-Iron Piping, Gasketed Joints for Fire-Service-Main Piping: UL 194. 
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3. Ductile-Iron Piping, Grooved Joints: Cut-groove pipe. Assemble joints with grooved-end, 
ductile-iron-piping couplings, gaskets, lubricant, and bolts according to coupling 
manufacturer's written instructions. 

4. PE Piping Insert-Fitting Joints: Use plastic insert fittings and fasteners according to fitting 
manufacturer's written instructions. 

5. PVC Piping Gasketed Joints: Use joining materials according to AWWA C900. Construct 
joints with elastomeric seals and lubricant according to ASTM D 2774 or ASTM D 3139 and 
pipe manufacturer's written instructions. 

6. Dissimilar Materials Piping Joints: Use adapters compatible with both piping materials, with 
OD, and with system working pressure. 

3.7 ANCHORAGE INSTALLATION 

A. Anchorage, General: Install water-distribution piping with restrained joints. Anchorages and 
restrained-joint types that may be used include the following: 

1. Concrete thrust blocks. 
2. Locking mechanical joints. 
3. Set-screw mechanical retainer glands. 
4. Bolted flanged joints. 

B. Install anchorages for tees, plugs and caps, bends, crosses, valves, and hydrant branches. Include 
anchorages for the following piping systems: 

1. Gasketed-Joint, Ductile-Iron, Water-Service Piping: According to AWWA C600. 
2. Gasketed-Joint, PVC Water-Service Piping: According to AWWA M23. 
3. Fire-Service-Main Piping: According to NFPA 24. 

C. Apply full coat of asphalt or other acceptable corrosion-resistant material to surfaces of installed 
ferrous anchorage devices. 

3.8 VALVE INSTALLATION 

A. AWWA Gate Valves: Comply with AWWA C600 and AWWA M44. Install each underground 
valve with stem pointing up and with valve box. 

B. UL/FMG, Gate Valves: Comply with NFPA 24. Install each underground valve and valves in vaults 
with stem pointing up and with vertical cast-iron indicator post. 

C. MSS Valves: Install as component of connected piping system. 

D. Corporation Valves and Curb Valves: Install each underground curb valve with head pointed up and 
with service box. 

3.9 WATER METER INSTALLATION 

A. Install water meters, piping, and specialties according to utility company's written instructions. 
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B. Water Meters: Install displacement-type water meters, NPS 2 and smaller, in meter boxes with 
shutoff valves on water meter inlets. Include valves on water meter outlets and valved bypass 
around meters unless prohibited by authorities having jurisdiction. 

C. Water Meters: Install compound-type water meters, NPS 3 and larger, in meter vaults. Include 
shutoff valves on water meter inlets and outlets and valved bypass around meters. Support meters, 
valves, and piping on brick or concrete piers. 

3.10 BACKFLOW PREVENTER INSTALLATION 

A. Install backflow preventers of type, size, and capacity indicated. Include valves and test cocks. 
Install according to requirements of plumbing and health department and authorities having 
jurisdiction. 

B. Do not install backflow preventers that have relief drain in vault or in other spaces subject to 
flooding. 

C. Do not install bypass piping around backflow preventers. 

3.11 WATER METER BOX INSTALLATION 

A. Install water meter boxes in paved areas flush with surface. 

B. Install water meter boxes in grass or earth areas with top 2 inches above surface. 

3.12 CONCRETE VAULT INSTALLATION 

A. Install precast concrete vaults according to ASTM C 891. 

3.13 FIRE HYDRANT INSTALLATION 

A. General: Install each fire hydrant with separate gate valve in supply pipe, anchor with restrained 
joints or thrust blocks, and support in upright position. 

B. Wet-Barrel Fire Hydrants: Install with valve below frost line. Provide for drainage. 

C. AWWA Fire Hydrants: Comply with AWWA M17. 

D. UL/FMG Fire Hydrants: Comply with NFPA 24. 

3.14 FIRE DEPARTMENT CONNECTION INSTALLATION 

A. Install protective pipe bollards on two sides of each fire department connection.   
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3.15 CONNECTIONS 

A. See Section 330500 "Common Work Results for Utilities" for piping connections to valves and 
equipment. 

B. Connect water-distribution piping to utility water main. Use tapping sleeve and tapping valve. 

C. Connect water-distribution piping to interior domestic water and fire-suppression piping. 

3.16 FIELD QUALITY CONTROL 

A. Piping Tests: Conduct piping tests before joints are covered and after concrete thrust blocks have 
hardened sufficiently. Fill pipeline 24 hours before testing and apply test pressure to stabilize 
system. Use only potable water. 

B. Hydrostatic Tests: Test at not less than one-and-one-half times working pressure for two hours. 

1. Increase pressure in 50-psig increments and inspect each joint between increments. Hold at 
test pressure for 1 hour; decrease to 0 psig. Slowly increase again to test pressure and hold for 
1 more hour. Maximum allowable leakage is 2 quarts per hour per 100 joints. Remake 
leaking joints with new materials and repeat test until leakage is within allowed limits. 

C. Prepare reports of testing activities. 

3.17 IDENTIFICATION 

A. Install continuous underground detectable warning tape during backfilling of trench for 
underground water-distribution piping. Locate below finished grade, directly over piping. 
Underground warning tapes are specified in Section 312000 "Earth Moving." 

B. Permanently attach equipment nameplate or marker indicating plastic water-service piping, on main 
electrical meter panel. See Section 330500 "Common Work Results for Utilities" for identifying 
devices. 

3.18 CLEANING 

A. Clean and disinfect water-distribution piping as follows: 

1. Purge new water-distribution piping systems and parts of existing systems that have been 
altered, extended, or repaired before use. 

2. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if 
method is not prescribed by authorities having jurisdiction, use procedure described in 
NFPA 24 for flushing of piping. Flush piping system with clean, potable water until dirty 
water does not appear at points of outlet. 

3. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if 
method is not prescribed by authorities having jurisdiction, use procedure described in 
AWWA C651 or do as follows: 
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a. Fill system or part of system with water/chlorine solution containing at least 50 ppm of 
chlorine; isolate and allow to stand for 24 hours. 

b. Drain system or part of system of previous solution and refill with water/chlorine 
solution containing at least 200 ppm of chlorine; isolate and allow to stand for 3 hours. 

c. After standing time, flush system with clean, potable water until no chlorine remains in 
water coming from system. 

d. Submit water samples in sterile bottles to authorities having jurisdiction. Repeat 
procedure if biological examination shows evidence of contamination. 

B. Prepare reports of purging and disinfecting activities. 

 
END OF SECTION 221113 
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SECTION 22 1113 - FACILITY WATER DISTRIBUTION PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes water-distribution piping and related components outside the building for water
service.

B. Utility-furnished products include water meters that will be furnished to the site, ready for installation.

1.2 SUBMITTALS

A. Product Data: For each type of product indicated.

B. Shop Drawings:  Detail precast concrete vault assemblies and indicate dimensions, method of field
assembly, and components.

C. Field quality-control test reports.

D. Operation and maintenance data.

1.3 QUALITY ASSURANCE

A. Regulatory Requirements:
1. Comply with requirements of utility company supplying water.  Include tapping of water mains and

backflow prevention.
2. Comply with standards of authorities having jurisdiction for potable-water-service piping, including

materials, installation, testing, and disinfection.

B. Comply with standards of authorities having jurisdiction for fire-suppression water- service piping,
including materials, hose threads, installation, and testing.

C. Piping materials shall bear label, stamp, or other markings of specified testing agency.

D. Comply with ASTM F 645 for selection, design, and installation of thermoplastic water piping.

E. Comply with FMG's "Approval Guide" or UL's "Fire Protection Equipment Directory" for fire- service-main
products.

F. NFPA Compliance: Comply with NFPA 24 for materials, installations, tests, flushing, and
valve and hydrant supervision for fire-service-main piping for fire suppression.

G. NSF Compliance:
1. Comply with NSF 14 for plastic potable-water-service piping. Include marking "NSF- pw" on piping.
2. Comply with NSF 61 for materials for water-service piping and specialties for domestic water.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

FACILITY WATER DISTRIBUTION PIPING 22 1113 - 2

1.4 PROJECT CONDITIONS

A. Interruption of  Existing Water-Distribution  Service:  Do not interrupt  service  to  facilities occupied by
Owner or others unless permitted under the following conditions and then only after arranging to provide
temporary water-distribution service according to requirements indicated:
1. Notify Construction Manager and Owner no fewer than two days in advance of proposed

interruption of service.
2. Do not proceed with interruption of water-distribution service without Construction Manager's and

Owner's written permission.

1.5 COORDINATION

A. Coordinate connection to water main with utility company.

PART 2 - PRODUCTS

2.1 PIPE AND FITTINGS

A. Soft Copper Tube: ASTM B 88, Type K and ASTM B 88, Type L, water  tube,  annealed temper.
1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-copper,

solder-joint pressure type. Furnish only wrought-copper fittings if indicated.

B. Hard Copper Tube: ASTM B 88, Type K and ASTM B 88, Type L, water tube, drawn temper.
1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-copper,

solder-joint pressure type. Furnish only wrought-copper fittings if indicated.

C. Mechanical-Joint, Ductile-Iron Pipe: AWWA C151, with mechanical-joint bell and plain spigot end unless
grooved or flanged ends are indicated.
1. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or

AWWA C153, ductile-iron compact pattern.
2. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, and steel

bolts.

D. Push-on-Joint, Ductile-Iron Pipe: AWWA C151, with push-on-joint bell and plain spigot end unless
grooved or flanged ends are indicated.
1. Push-on-Joint,  Ductile-Iron  Fittings: AWWA C110,  ductile-  or  gray-iron  standard pattern or

AWWA C153, ductile-iron compact pattern.
2. Gaskets: AWWA C111, rubber.

E. Grooved-Joint, Ductile-Iron Pipe: AWWA C151, with cut, rounded-grooved ends.
1. Grooved-End, Ductile-Iron Pipe Appurtenances:

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

b. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1) Anvil International, Inc.
2) Victaulic Company of America.
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2.2 JOINING MATERIALS

A. Refer to  Division 22  Section  "Common Work  Results  for  Plumbing"  for  commonly  used joining
materials.

B. Brazing Filler Metals: AWS A5.8, BCuP Series.

C. Bonding Adhesive for Fiberglass Piping: As recommended by fiberglass piping manufacturer.

D. Plastic Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system
manufacturer, unless otherwise indicated.

2.3 PIPING SPECIALTIES

A. Transition Fittings:  Manufactured fitting or coupling same size as, with pressure rating at least equal to
and ends compatible with, piping to be joined.

B. Tubular-Sleeve Pipe Couplings:
1. Description: Metal, bolted, sleeve-type, reducing or transition coupling, with center sleeve, gaskets,

end rings, and bolt fasteners and with ends of same sizes as piping to be joined.
a. Standard: AWWA C219.

2.4 GATE VALVES

A. AWWA, Cast-Iron Gate Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on

Drawings or a comparable product by one of the following:
a. American AVK Co.; Valves & Fittings Div.
b. American Cast Iron Pipe Co.; American Flow Control Div.
c. American Cast Iron Pipe Co.; Waterous Co. Subsidiary.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. East Jordan Iron Works, Inc.
f. McWane, Inc.; Clow Valve Co. Div. (Oskaloosa).
g. McWane, Inc.; Kennedy Valve Div.
h. McWane, Inc.; M & H Valve Company Div.
i. McWane, Inc.; Tyler Pipe Div.; Utilities Div.
j. Mueller Co.; Water Products Div.
k. NIBCO INC.
l. U.S. Pipe and Foundry Company.

4. Nonrising-Stem, Metal-Seated Gate Valves:
a. Description: Gray- or ductile-iron body and bonnet; with cast-iron or bronze

double-disc gate, bronze gate rings, bronze stem, and stem nut.
1) Standard: AWWA C500.
2) Minimum Pressure Rating: 200 psig.
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3) End Connections: Mechanical joint.
4) Interior Coating: Complying with AWWA C550.

5. Nonrising-Stem, Resilient-Seated Gate Valves:
a. Description: Gray- or ductile-iron body and bonnet; with bronze or gray- or ductile-iron

gate, resilient seats, bronze stem, and stem nut.
1) Standard: AWWA C509.
2) Minimum Pressure Rating: 200 psig.
3) End Connections: Mechanical joint.
4) Interior Coating: Complying with AWWA C550.

6. Nonrising-Stem, High-Pressure, Resilient-Seated Gate Valves:
a. Description: Ductile-iron body and bonnet; with bronze or ductile-iron gate, resilient

seats, bronze stem, and stem nut.
1) Standard: AWWA C509.
2) Minimum Pressure Rating: 250 psig.
3) End Connections: Push on or mechanical joint.
4) Interior Coating: Complying with AWWA C550.

7. OS&Y, Rising-Stem, Metal-Seated Gate Valves:
a. Description:   Cast- or ductile-iron body and bonnet, with cast-iron double disc, bronze disc

and seat rings, and bronze stem.
1) Standard: AWWA C500.

b. Minimum Pressure Rating: 200 psig.
1) End Connections: Flanged.

8. OS&Y, Rising-Stem, Resilient-Seated Gate Valves:
a. Description: Cast- or ductile-iron body and bonnet, with bronze or gray- or ductile-iron

gate, resilient seats, and bronze stem.
1) Standard: AWWA C509.
2) Minimum Pressure Rating: 200 psig.
3) End Connections: Flanged.

B. UL/FMG, Cast-Iron Gate Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. American Cast Iron Pipe Co.; American Flow Control Div.
b. American Cast Iron Pipe Co.; Waterous Co. Subsidiary.
c. Crane Co.; Crane Valve Group; Stockham Div.
d. McWane, Inc.; Clow Valve Co. Div. (Oskaloosa).
e. McWane, Inc.; Kennedy Valve Div.
f. McWane, Inc.; M & H Valve Company Div.
g. Mueller Co.; Water Products Div.
h. NIBCO INC.
i. U.S. Pipe and Foundry Company.

4. UL/FMG, Nonrising-Stem Gate Valves:
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a. Description:  Iron body and bonnet with flange for indicator post, bronze seating material, and
inside screw.
1) Standards: UL 262 and FMG approved.
2) Minimum Pressure Rating: 175 psig.
3) End Connections: Flanged.

5. OS&Y, Rising-Stem Gate Valves:
a. Description: Iron body and bonnet and bronze seating material.

1) Standards: UL 262 and FMG approved.
2) Minimum Pressure Rating: 175 psig.
3) End Connections: Flanged.

C. Bronze Gate Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Crane Co.; Crane Valve Group; Crane Valves.
b. Crane Co.; Crane Valve Group; Jenkins Valves.
c. Crane Co.; Crane Valve Group; Stockham Div.
d. Hammond Valve.
e. Milwaukee Valve Company.
f. NIBCO INC.
g. Red-White Valve Corporation.

4. OS&Y, Rising-Stem Gate Valves:
a. Description: Bronze body and bonnet and bronze stem.

1) Standards: UL 262 and FMG approved.
2) Minimum Pressure Rating: 175 psig.
3) End Connections: Threaded.

5. Nonrising-Stem Gate Valves:
a. Description: Class 125, Type 1, bronze with solid wedge, threaded ends, and

malleable-iron handwheel.
1) Standard: MSS SP-80.

2.5 GATE VALVE ACCESSORIES AND SPECIALTIES

A. Tapping-Sleeve Assemblies:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on

Drawings or a comparable product by one of the following:
a. American Cast Iron Pipe Co.; Waterous Co. Subsidiary.
b. East Jordan Iron Works, Inc.
c. Flowserve.
d. McWane, Inc.; Clow Valve Co. Div. (Oskaloosa).
e. McWane, Inc.; Kennedy Valve Div.
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f. McWane, Inc.; M & H Valve Company Div.
g. Mueller Co.; Water Products Div.
h. U.S. Pipe and Foundry Company.

4. Description: Sleeve and valve compatible with drilling machine.
a. Standard: MSS SP-60.
b. Tapping Sleeve: Cast- or ductile-iron or stainless-steel, two-piece bolted sleeve with flanged

outlet for new branch connection. Include sleeve matching size and type of pipe material being
tapped and with recessed flange for branch valve.

c. Valve:   AWWA, cast-iron, nonrising-stem, resilient-seated gate valve with one raised face
flange mating tapping-sleeve flange.

B. Valve Boxes: Comply with AWWA M44 for cast-iron valve boxes. Include top section, adjustable
extension of length required for depth of burial of valve, plug with lettering "WATER," and bottom section
with base that fits over valve and with a barrel approximately 5 inches in diameter.
1. Operating Wrenches: Steel, tee-handle with one pointed end, stem of length to operate deepest

buried valve, and socket matching valve operating nut.

C. Indicator Posts: UL 789, FMG-approved, vertical-type, cast-iron body with operating wrench, extension
rod, and adjustable cast-iron barrel of length required for depth of burial of valve.

2.6 CORPORATION VALVES AND CURB VALVES

A. Manufacturers:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Amcast Industrial Corporation; Lee Brass Co.
b. Ford Meter Box Company, Inc. (The); Pipe Products Div.
c. Jones, James Company.
d. Master Meter, Inc.
e. McDonald, A. Y. Mfg. Co.
f. Mueller Co.; Water Products Div.
g. Red Hed Manufacturing & Supply.

B. Service-Saddle Assemblies: Comply with AWWA C800. Include saddle and valve compatible with tapping
machine.
1. Service Saddle: Copper alloy with seal and AWWA C800, threaded outlet for corporation valve.
2. Corporation Valve: Bronze body and ground-key plug, with AWWA C800, threaded inlet and outlet

matching service piping material.
3. Manifold: Copper fitting with two to four inlets as required, with ends matching corporation valves

and outlet matching service piping material.

C. Curb Valves:  Comply with AWWA C800.  Include bronze body, ground-key plug or ball, and wide tee
head, with inlet and outlet matching service piping material.

D. Service Boxes for Curb Valves: Similar to AWWA M44 requirements for cast-iron valve boxes. Include
cast-iron telescoping top section of length required for depth of burial of valve, plug with lettering

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

FACILITY WATER DISTRIBUTION PIPING 22 1113 - 7

"WATER," and bottom section with base that fits over curb valve and with a barrel approximately 3 inches
in diameter.
1. Shutoff Rods: Steel, tee-handle with one pointed end, stem of length to operate deepest buried

valve, and slotted end matching curb valve.

2.7 WATER METERS

A. Water meters will be furnished by utility company.

B. Manufacturers:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. AMCO Water Metering Systems.
b. Badger Meter, Inc.
c. Carlon Meter.
d. Hays Fluid Controls; a division of ROMAC Industries Inc.
e. McCrometer.
f. Mueller Co.; Hersey Meters.
g. Neptune Technology Group Inc.
h. Sensus Metering Systems.

C. Displacement-Type Water Meters:
1. Description: With bronze main case.

a. Standard: AWWA C700.
b. Registration: Flow in cubic meters.

D. Compound-Type Water Meters:
1. Description:

a. Standard: AWWA C702.
b. Registration: Flow in cubic meters.

2.8 BACKFLOW PREVENTERS

A. Reduced-Pressure-Principle Backflow Preventers:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Ames Fire & Waterworks; a division of Watts Regulator Co.
b. Conbraco Industries, Inc.
c. FEBCO; SPX Valves & Controls.
d. Flomatic Corporation.
e. Watts Water Technologies, Inc.
f. Zurn Plumbing Products Group; Wilkins Water Control Products Div.
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4. Standard: ASSE 1013 or AWWA C511.
5. Operation: Continuous-pressure applications.
6. Pressure Loss: 12 psig maximum, through middle 1/3 of flow range.
7. Size: as per drawings.
8. Design Flow Rate: as per drawings.
9. Selected Unit Flow Range Limits: as per drawings
10. Pressure Loss at Design Flow Rate:   as per drawings for NPS 2 and smaller; as per drawings for

NPS 2-1/2 and larger.
11. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or that is FDA approved for NPS 2-1/2 and larger.
12. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
13. Configuration: Designed for horizontal, straight through flow.
14. Accessories:

a. Valves:  Ball type with threaded ends on inlet and outlet of NPS 2 and smaller; OS&Y gate
type with flanged ends on inlet and outlet of NPS 2-1/2 and larger.

b. Air-Gap Fitting: ASME A112.1.2, matching backflow preventer connection.

B. Double-Check, Backflow-Prevention Assemblies:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Ames Fire & Waterworks; a division of Watts Regulator Co.
b. Conbraco Industries, Inc.
c. FEBCO; SPX Valves & Controls.
d. Flomatic Corporation.
e. Watts Water Technologies, Inc.
f. Zurn Plumbing Products Group; Wilkins Water Control Products Div.

3. Standard: ASSE 1015 or AWWA C510.
4. Operation: Continuous-pressure applications, unless otherwise indicated.
5. Pressure Loss: 5 psig maximum, through middle 1/3 of flow range.
6. Size: as per drawings
7. Design Flow Rate: as per drawings
8. Selected Unit Flow Range Limits: as per drawings
9. Pressure Loss at Design Flow Rate:   as per drawings for NPS 2 and smaller; as per drawings for

NPS 2-1/2 and larger.
10. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or that is FDA approved for NPS 2-1/2 and larger.
11. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
12. Configuration: Designed for horizontal, straight through flow.
13. Accessories:  Ball valves with threaded ends on inlet and outlet of NPS 2 and smaller; OS&Y gate

valves with flanged ends on inlet and outlet of NPS 2-1/2 and larger.

2.9 WATER METER BOXES

A. Description: Cast-iron body and cover for disc-type water meter, with lettering "WATER METER" in cover;
and with slotted, open-bottom base section of length to fit over service piping.
1. Option: Base section may be cast-iron, PVC, clay, or other pipe.
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B. Description: Cast-iron body and double cover for disc-type water meter, with lettering "WATER METER"
in top cover; and with separate inner cover; air space between covers; and slotted, open-bottom base
section of length to fit over service piping.

C. Description: Polymer-concrete body and cover for disc-type water meter, with lettering "WATER" in cover;
and with slotted, open-bottom base section of length to fit over service piping. Include vertical and lateral
design loadings of 15,000 lb minimum over 10 by 10 inches square.

2.10 CONCRETE VAULTS

A. Description: Precast, reinforced-concrete vault, designed for A-16 load designation according to ASTM C
857 and made according to ASTM C 858.
1. Ladder: ASTM A 36/A 36M, steel or polyethylene-encased steel steps.
2. Manhole: ASTM A 48/A 48M Class No. 35A minimum tensile strength, gray-iron traffic frame and

cover.
a. Dimension: 24-inch minimum diameter, unless otherwise indicated.

3. Manhole: ASTM A 536, Grade 60-40-18, ductile-iron traffic frame and cover.
a. Dimension: 24-inch- minimum diameter, unless otherwise indicated.

4. Drain: ASME A112.6.3, cast-iron floor drain with outlet of size indicated. Include body anchor
flange, light-duty cast-iron grate, bottom outlet, and integral or field-installed bronze ball or
clapper-type backwater valve.

2.11 FIRE HYDRANTS

A. Dry-Barrel Fire Hydrants:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on

Drawings or a comparable product by one of the following:
a. American AVK Co.; Valves & Fittings Div.
b. American Cast Iron Pipe Co.; American Flow Control Div.
c. American Cast Iron Pipe Co.; Waterous Co. Subsidiary.
d. American Foundry Group, Inc.
e. East Jordan Iron Works, Inc.
f. McWane, Inc.; Clow Valve Co. Div. (Oskaloosa).
g. McWane, Inc.; Kennedy Valve Div.
h. McWane, Inc.; M & H Valve Company Div.
i. Mueller Co.; Water Products Div.
j. Troy Valve; a division of Penn-Troy Manufacturing, Inc.
k. U.S. Pipe and Foundry Company.

4. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main valve,
drain valve, and NPS 6 mechanical-joint inlet. Include interior coating according to AWWA C550.
Hydrant shall have cast-iron body, compression-type valve opening against pressure and closing
with pressure.
a. Standard: AWWA C502.
b. Pressure Rating: 250 psig.
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5. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main valve,
drain valve, and NPS 6 mechanical-joint inlet. Hydrant shall have cast-iron body, compression-type
valve opening against pressure and closing with pressure.
a. Standards: UL 246, FMG approved.
b. Pressure Rating: 250 psig.
c. Outlet  Threads: NFPA 1963,  with  external  hose  thread  used  by  local  fire department.

Include cast-iron caps with steel chains.
d. Operating and Cap Nuts: Pentagon, 1-1/2 inches point to flat.
e. Direction of Opening:   Open hydrant valve by turning operating nut to left or counterclockwise.
f. Exterior Finish: Red alkyd-gloss enamel paint, unless otherwise indicated. PART 3 -

EXECUTION

PART 3 - EXECUTION

3.1 EARTHWORK

A. Refer to Division 31 Section "Earth Moving" for excavating, trenching, and backfilling.

3.2 PIPING APPLICATIONS

A. General:  Use pipe, fittings, and joining methods for piping systems according to the following
applications.

B. Transition couplings and special fittings with pressure ratings at least equal to piping pressure rating may
be used, unless otherwise indicated.

C. Do not use flanges or unions for underground piping.

D. Flanges, unions, and special fittings may be used, instead of joints indicated, on aboveground piping and
piping in vaults.

E. Underground water-service piping NPS 3/4 to NPS 3 shall be soft copper tube, ASTM B 88, Type K;
wrought-copper, solder-joint fittings; and brazed joints.

F. Underground water-service piping NPS 4 and NPS 6 shall be any of the following:
1. Soft copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and brazed joints.
2. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints.

G. Water Meter Box Water-Service Piping NPS 3/4 to NPS 2 shall be same as underground water- service
piping.

H. Aboveground and Vault Water-Service Piping NPS 3/4 to NPS 3 shall be hard copper tube, ASTM B 88,
Type K; wrought-copper, solder-joint fittings; and brazed joints.

I. Aboveground and vault water-service piping NPS 4 and NPS 6 shall be any of the following:
1. Hard copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and brazed joints.
2. Ductile-iron, grooved-end pipe; ductile-iron, grooved-end appurtenances; and grooved joints.
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J. Aboveground and Vault Fire-Service-Main Piping NPS 4 to NPS 8 shall be ductile-iron, grooved-end pipe;
ductile-iron-pipe appurtenances; and grooved joints.

K. Underground Combined Water-Service and Fire-Service-Main Piping NPS 6 to NPS 10 shall be any of
the following:
1. Ductile-iron,  push-on-joint  pipe;  ductile-iron,  push-on-joint  fittings;  and  gasketed grooved-end

pipe; ductile-iron-pipe appurtenances; and grooved joints.

L. Aboveground and Vault Combined Water Service and Fire-Service-Main Piping  NPS 6  to NPS 10 shall
be ductile-iron, grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints.

3.3 VALVE APPLICATIONS

A. General Application: Use  mechanical-joint-end valves for NPS 3 and larger underground installation. Use
threaded- or flanged-end valves for installation in vaults. Use UL/FMG, nonrising-stem gate valves for
installation with indicator posts. Use corporation valves and curb valves with ends compatible with piping,
for NPS 2 and smaller installation.

B. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following
requirements apply:
1. Underground  Valves,  NPS 3  and  Larger: AWWA,  cast-iron, nonrising-stem,  high-

pressure, resilient-seated gate valves with valve box.
2. Underground  Valves,  NPS 4  and  Larger,  for  Indicator  Posts: UL/FMG,  cast-iron,

nonrising-stem gate valves with indicator post.
3. Use the following for valves in vaults and aboveground:

a. Gate Valves, NPS 2 and Smaller: Bronze, nonrising stem.
b. Gate Valves, NPS 3 and Larger:  AWWA, cast iron, OS&Y rising stem, resilient seated.

3.4 PIPING SYSTEMS - COMMON REQUIREMENTS

A. See Division 22 Section "Common Work Results for Plumbing" for piping-system common requirements.

3.5 PIPING INSTALLATION

A. Water-Main Connection: Arrange with utility company for tap of size and in location indicated in water
main.

B. Water-Main Connection:  Tap water main according to requirements of water utility company and of size
and in location indicated.

C. Make connections larger than NPS 2 with tapping machine according to the following:
1. Install tapping sleeve and tapping valve according to MSS SP-60.
2. Install tapping sleeve on pipe to be tapped. Position flanged outlet for gate valve.
3. Use  tapping  machine  compatible  with  valve  and  tapping  sleeve;  cut  hole  in  main. Remove

tapping machine and connect water-service piping.

D. Install gate valve onto tapping sleeve.  Comply with MSS SP-60.  Install valve with stem pointing up and
with valve box.
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1. Make connections NPS 2 and smaller with drilling machine according to the following:
2. Install   service-saddle   assemblies   and   corporation   valves   in   size,   quantity,   and

arrangement required by utility company standards.
3. Install service-saddle assemblies on water-service pipe to be tapped.  Position outlets for

corporation valves.
4. Use drilling machine compatible with service-saddle assemblies and corporation valves. Drill hole in

main. Remove drilling machine and connect water-service piping.
5. Install corporation valves into service-saddle assemblies.
6. Install manifold for multiple taps in water main.
7. Install curb valve in water-service piping with head pointing up and with service box.

E. Comply with NFPA 24 for fire-service-main piping materials and installation.
1. Install copper tube and fittings according to CDA's "Copper Tube Handbook."

F. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41.

G. Install PE pipe according to ASTM D 2774 and ASTM F 645.

H. Install PVC, AWWA pipe according to ASTM F 645 and AWWA M23.

I. Bury piping with depth of cover over top at least 30 inches.

J. Extend water-service piping and connect to water-supply source and building-water-piping systems at
outside face of building wall in locations and pipe sizes indicated.
1. Terminate water-service piping at building wall until building-water-piping systems are installed.

Terminate piping with caps, plugs, or flanges as required for piping material. Make connections to
building-water-piping systems when those systems are installed.

K. Sleeves are specified in Division 22 Section "Common Work Results for Plumbing."

L. Mechanical sleeve seals are specified in Division 22 Section "Common Work Results for Plumbing."

M. Install underground piping with restrained joints at horizontal and vertical changes in direction. Use
restrained-joint piping, thrust blocks, anchors, tie-rods and clamps, and other supports.

3.6 JOINT CONSTRUCTION

A. See  Division 22  Section  "Common  Work  Results  for  Plumbing"  for  basic  piping  joint construction.

B. Make pipe joints according to the following:
1. Ductile-Iron Piping, Gasketed Joints for Water-Service Piping: AWWA C600 and AWWA M41.
2. Ductile-Iron Piping, Gasketed Joints for Fire-Service-Main Piping: UL 194.
3. Ductile-Iron Piping, Grooved Joints: Cut-groove pipe. Assemble joints with grooved- end,

ductile-iron-piping couplings, gaskets, lubricant, and bolts according to coupling manufacturer's
written instructions.

4. PE Piping Insert-Fitting Joints: Use plastic insert fittings and fasteners according to fitting
manufacturer's written instructions.
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5. PVC Piping Gasketed Joints: Use joining materials according to AWWA C900. Construct joints with
elastomeric seals and lubricant according to ASTM D 2774 or ASTM D 3139 and pipe
manufacturer's written instructions.

6. Dissimilar Materials Piping Joints: Use adapters compatible with both piping materials, with OD,
and with system working pressure. Refer to Division 22 Section "Common Work Results for
Plumbing" for joining piping of dissimilar metals.

3.7 ANCHORAGE INSTALLATION

A. Anchorage, General: Install water-distribution piping with restrained joints. Anchorages and
restrained-joint types that may be used include the following:
1. Concrete thrust blocks.
2. Locking mechanical joints.
3. Set-screw mechanical retainer glands.
4. Bolted flanged joints.
5. Heat-fused joints.
6. Pipe clamps and tie rods.

B. Install anchorages for tees, plugs and caps, bends, crosses, valves, and hydrant branches. Include
anchorages for the following piping systems:
1. Gasketed-Joint, Ductile-Iron, Water-Service Piping: According to AWWA C600.
2. Gasketed-Joint, PVC Water-Service Piping: According to AWWA M23.
3. Fire-Service-Main Piping: According to NFPA 24.

C. Apply full coat of asphalt or other acceptable corrosion-resistant material to surfaces of installed ferrous
anchorage devices.

3.8 VALVE INSTALLATION

A. AWWA Gate Valves: Comply with AWWA C600 and AWWA M44. Install each underground valve with
stem pointing up and with valve box.

B. UL/FMG, Gate Valves: Comply with NFPA 24. Install each underground valve and valves in vaults with
stem pointing up and with vertical cast-iron indicator post.

C. MSS Valves: Install as component of connected piping system.

D. Corporation Valves and Curb Valves: Install each underground curb valve with head pointed up and with
service box.

3.9 WATER METER INSTALLATION

A. Install water meters, piping, and specialties according to utility company's written instructions.

B. Water Meters: Install displacement-type water meters, NPS 2 and smaller, in meter boxes with shutoff
valves on water meter inlets. Include valves on water meter outlets and valved bypass around meters
unless prohibited by authorities having jurisdiction.
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C. Water Meters: Install compound-type water meters, NPS 3 and larger, in meter vaults. Include shutoff
valves on water meter inlets and outlets and valved bypass around meters. Support meters, valves, and
piping on brick or concrete piers.

3.10 BACKFLOW PREVENTER INSTALLATION

A. Install backflow preventers of type, size, and capacity indicated. Include valves and test cocks. Install
according to requirements of plumbing and health department and authorities having jurisdiction.

B. Do not install backflow preventers that have relief drain in vault or in other spaces subject to flooding.

C. Do not install bypass piping around backflow preventers.

D. Support NPS 2-1/2 and larger backflow preventers, valves, and piping near floor and on brick or concrete
piers.

3.11 WATER METER BOX INSTALLATION

A. Install water meter boxes in paved areas flush with surface.

B. Install water meter boxes in grass or earth areas with top 2 inches above surface.

3.12 CONCRETE VAULT INSTALLATION

A. Install precast concrete vaults according to ASTM C 891.

3.13 FIRE HYDRANT INSTALLATION

A. General: Install  each  fire  hydrant  with  separate  gate  valve  in  supply  pipe,  anchor  with
restrained joints or thrust blocks, and support in upright position.

B. Wet-Barrel Fire Hydrants: Install with valve below frost line. Provide for drainage.

C. AWWA Fire Hydrants: Comply with AWWA M17.

D. UL/FMG Fire Hydrants: Comply with NFPA 24.

3.14 FIRE DEPARTMENT CONNECTION INSTALLATION

A. Install protective pipe bollards on three sides of each fire department connection.  Pipe bollards are
specified in Division 05 Section "Metal Fabrications."

3.15 CONNECTIONS

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate general
arrangement of piping, fittings, and specialties.

B. See Division 22 Section "Common Work Results for Plumbing" for piping connections to valves and
equipment.
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C. Connect water-distribution piping to utility water main. Use tapping sleeve and tapping valve or service
clamp and corporation valve as required on drawings.

D. Connect water-distribution piping to interior domestic water piping.

E. Connect waste piping from concrete vault drains to sanitary sewerage system. See Division 22 Section
"Facility Sanitary Sewers" for connection to sanitary-sewer piping.

3.16 FIELD QUALITY CONTROL

A. Piping Tests: Conduct piping tests before joints are covered and after concrete thrust blocks have
hardened sufficiently. Fill pipeline 24 hours before testing and apply test pressure to stabilize system.
Use only potable water.

B. Hydrostatic Tests: Test at not less than one-and-one-half times working pressure for two hours.
1. Increase pressure in 50-psig increments and inspect each joint between increments. Hold at test

pressure for 1 hour; decrease to 0 psig. Slowly increase again to test pressure and hold for 1 more
hour. Maximum allowable leakage is 2 quarts per hour per 100 joints. Remake leaking joints with
new materials and repeat test until leakage is within allowed limits.

C. Prepare reports of testing activities.

3.17 IDENTIFICATION

A. Install continuous underground detectable warning tape during backfilling of trench for underground
water-distribution piping. Locate below finished grade, directly over piping. Underground warning tapes
are specified in Division 31 Section "Earth Moving."

B. Permanently attach equipment nameplate or marker indicating plastic water-service piping, on main
electrical meter panel. See Division 22 Section "Common Work Results for Plumbing" for identifying
devices.

3.18 CLEANING

A. Clean and disinfect water-distribution piping as follows:
1. Purge new water-distribution piping systems and parts of existing systems that have been altered,

extended, or repaired before use.
2. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if method is

not prescribed by authorities having jurisdiction, use procedure described in NFPA 24 for flushing of
piping. Flush piping system with clean, potable water until dirty water does not appear at points of
outlet.

3. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if method is
not prescribed by authorities having jurisdiction, use procedure described in AWWA C651 or do as
follows:
a. Fill system or part of system with water/chlorine solution containing at least 50 ppm of

chlorine; isolate and allow to stand for 24 hours.
b. Drain system or part of system of previous solution and refill with water/chlorine solution

containing at least 200 ppm of chlorine; isolate and allow to stand for 3 hours.
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c. After standing time, flush system with clean, potable water until no chlorine remains in water
coming from system.

d. Submit water samples in sterile bottles to authorities having jurisdiction. Repeat procedure if
biological examination shows evidence of contamination.

END OF SECTION
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SECTION 22 1116 - DOMESTIC WATER PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:
1. Under-building  slab  and  aboveground  domestic  water  pipes,  tubes,  fittings,  and specialties

inside the building.
2. Specialty valves.
3. Flexible connectors.
4. Water meters furnished by utility company for installation by Contractor.
5. Water meters.
6. Escutcheons.
7. Sleeves and sleeve seals.

1.2 RELATED SECTION:

A. Division 221113 Section "Facility Water Distribution Piping" for water-service piping outside the building
from source to the point where water-service piping enters the building.

1.3 PERFORMANCE REQUIREMENTS

A. Seismic Performance: Domestic water piping and support and installation shall withstand effects
of earthquake motions determined according to ASCE/SEI 7.

1.4 SUBMITTALS

A. Product Data: For each type of product indicated.

1.5 QUALITY ASSURANCE

A. Piping materials shall bear label, stamp, or other markings of specified testing agency.

B. Comply  with  NSF 14  for  plastic,  potable  domestic  water  piping  and  components. Include marking
"NSF-pw" on piping.

C. Comply with NSF 61 for potable domestic water piping and components.

PART 2 - PRODUCTS

2.1 PIPING MATERIALS

A. Comply with requirements in "Piping Schedule" Article for applications of pipe, tube, fitting materials, and
joining methods for specific services, service locations, and pipe sizes.

2.2 COPPER TUBE AND FITTINGS

A. Hard Copper Tube: ASTM B 88, Type L  drawn temper.
1. Cast-Copper Solder-Joint Fittings: ASME B16.18, pressure fittings.
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2. Wrought-Copper Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
3. Bronze Flanges: ASME B16.24, Class 150, with solder-joint ends.
4. Copper Unions:  MSS SP-123, cast-copper-alloy, hexagonal-stock body, with ball-and- socket,

metal-to-metal seating surfaces, and solder-joint or threaded ends.
5. Copper Pressure-Seal-Joint Fittings:

a. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1) Elkhart Products Corporation; Industrial Division.
2) NIBCO INC.
3) Viega; Plumbing and Heating Systems.

b. NPS 2 and Smaller: Wrought-copper fitting with EPDM-rubber O-ring seal in each end.
c. NPS 2-1/2 to NPS 4: Cast-bronze or wrought-copper fitting with EPDM-rubber O-ring seal in

each end.
6. Copper Push-on-Joint Fittings:

a. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1) NVent LLC.

b. Description: Cast-copper fitting complying with ASME B16.18 or wrought- copper fitting
complying with ASME B 16.22; with stainless-steel teeth and EPDM-rubber O-ring seal in
each end instead of solder-joint ends.

B. Soft Copper Tube: ASTM B 88, Type K and ASTM B 88, Type L water tube, annealed temper.
1. Copper Solder-Joint Fittings: ASME B16.22, wrought-copper pressure fittings.
2. Copper Pressure-Seal-Joint Fittings:

a. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1) Elkhart Products Corporation; Industrial Division.
2) NIBCO INC.
3) Viega; Plumbing and Heating Systems.

b. NPS 2 and Smaller:   Wrought-copper fitting with EPDM-rubber O-ring seal in each end.
c. NPS 3 and NPS 4:  Cast-bronze or wrought-copper fitting with EPDM-rubber O- ring seal in

each end.

2.3 DUCTILE-IRON PIPE AND FITTINGS

A. Push-on-Joint, Ductile-Iron Pipe:  AWWA C151, with push-on-joint bell and plain spigot end unless
grooved or flanged ends are indicated.
1. Standard-Pattern, Push-on-Joint Fittings: AWWA C110, ductile or gray iron.

a. Gaskets: AWWA C111, rubber.
2. Compact-Pattern, Push-on-Joint Fittings: AWWA C153, ductile iron.

a. Gaskets: AWWA C111, rubber.

2.4 CPVC PIPING

A. CPVC Tubing System: ASTM D 2846/D 2846M, SDR 11, tube and socket fittings.
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2.5 PIPING JOINING MATERIALS

A. Pipe-Flange  Gasket  Materials:  AWWA C110,  rubber,  flat  face,   1/8   inch   thick   or ASME B16.21,
nonmetallic and asbestos free, unless otherwise indicated; full-face or ring type unless otherwise
indicated.

B. Metal, Pipe-Flange Bolts and Nuts: ASME B18.2.1, carbon steel unless otherwise indicated.

C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B
813.

D. Brazing Filler Metals:  AWS A5.8/A5.8M, BCuP Series, copper-phosphorus alloys for general- duty
brazing unless otherwise indicated.

E. Solvent Cements for Joining CPVC Piping and Tubing: ASTM F 493.
1. Use CPVC solvent cement that has a VOC content of 490 g/L or less when calculated according to

40 CFR 59, Subpart D (EPA Method 24).
2. Use  adhesive  primer  that  has  a  VOC  content  of  550  g/L  or  less  when  calculated according

to 40 CFR 59, Subpart D (EPA Method 24).

F. Plastic, Pipe-Flange Gaskets, Bolts, and Nuts: Type and material recommended by piping
system manufacturer unless otherwise indicated.

2.6 SPECIALTY VALVES

A. Comply with requirements in Division 22 Section "General-Duty Valves for Plumbing Piping" for
general-duty metal valves.

B. Comply with requirements in Division 22 Section "Domestic Water Piping Specialties" for balancing
valves, drain valves, backflow preventers, and vacuum breakers.

C. CPVC Union Ball Valves:
1. Description:

a. Standard: MSS SP-122.
b. Pressure Rating: 150 psig at 73 deg F.
c. Body Material: CPVC.
d. Body Design: Union type.
e. End Connections for Valves NPS 2 and Smaller: Detachable, socket.
f. End Connections for Valves NPS 2-1/2 to NPS 4 Flanged.
g. Ball: CPVC; full port.
h. Seals: PTFE or EPDM-rubber O-rings.
i. Handle: Tee shaped.

D. CPVC Ball Check Valves:
1. Description:

a. Pressure Rating: 150 psig at 73 deg F.
b. Body Material: CPVC.
c. Body Design: Union-type ball check.
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d. End Connections for Valves NPS 2 and Smaller: Detachable, socket.
e. End Connections for Valves NPS 2-1/2 to NPS 4 Flanged.
f. Ball: CPVC.
g. Seals: EPDM- or FKM-rubber O-rings.

E. CPVC Gate Valves:
1. Description:

a. Pressure Rating: 150 psig at 73 deg F.
b. Body Material: CPVC.
c. Body Design: Nonrising stem.
d. End Connections for Valves NPS 2 and Smaller: Socket.
e. End Connections for Valves NPS 2-1/2 to NPS 4 Flanged.
f. Gate and Stem: Plastic.
g. Seals: EPDM rubber.
h. Handle: Wheel.

2.7 TRANSITION FITTINGS

A. Fitting-Type Transition Couplings:  Manufactured piping coupling or specified piping system fitting.

B. Sleeve-Type Transition Coupling: AWWA C219.

C. Plastic-to-Metal Transition Fittings:
1. Description: CPVC or PVC one-piece fitting with manufacturer's Schedule 80 equivalent

dimensions; one end with threaded brass insert and one solvent-cement-socket or threaded end.

D. Plastic-to-Metal Transition Unions:
1. Description:  CPVC or PVC four-part union.   Include brass or stainless-steel threaded end,

solvent-cement-joint plastic end, rubber O-ring, and union nut.

2.8 DIELECTRIC FITTINGS

A. General Requirements: Assembly of copper alloy and ferrous materials or ferrous material body with
separating nonconductive insulating material suitable for system fluid, pressure, and temperature.

B. Dielectric Unions:
1. Description:

a. Pressure Rating: 250 psig at 180 deg F.
b. End Connections: Solder-joint copper alloy and threaded ferrous.

C. Dielectric Flanges:
1. Description:

a. Factory-fabricated, bolted, companion-flange assembly.
b. Pressure Rating: 175 psig minimum.
c. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder- joint copper

alloy and threaded ferrous.

D. Dielectric-Flange Kits:
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1. Description:
a. Nonconducting materials for field assembly of companion flanges.
b. Pressure Rating: 150 psig.
c. Gasket: Neoprene or phenolic.
d. Bolt Sleeves: Phenolic or polyethylene.
e. Washers: Phenolic with steel backing washers.

E. Dielectric Couplings:
1. Description:

a. Galvanized-steel coupling.
b. Pressure Rating: 300 psig at 225 deg F.
c. End Connections: Female threaded.
d. Lining: Inert and noncorrosive, thermoplastic.

F. Dielectric Nipples:
1. Description:

a. Electroplated steel nipple complying with ASTM F 1545.
b. Pressure Rating: 300 psig at 225 deg F.
c. End Connections: Male threaded or grooved.
d. Lining: Inert and noncorrosive, propylene.

2.9 FLEXIBLE CONNECTORS

A. Bronze-Hose Flexible Connectors:  Corrugated-bronze tubing with bronze wire-braid covering and ends
brazed to inner tubing.
1. Working-Pressure Rating: Minimum 250 psig.
2. End Connections NPS 2 and Smaller: Threaded copper pipe or plain-end copper tube.
3. End Connections NPS 2-1/2 and Larger: Flanged copper alloy.

B. Stainless-Steel-Hose Flexible Connectors: Corrugated-stainless-steel tubing with stainless-steel
wire-braid covering and ends welded to inner tubing.
1. Working-Pressure Rating: Minimum 250 psig.
2. End Connections NPS 2 and Smaller: Threaded steel-pipe nipple.
3. End Connections NPS 2-1/2 and Larger: Flanged steel nipple.

2.10 WATER METERS

A. Displacement-Type Water Meters:
1. Description:

a. Standard: AWWA C700.
b. Pressure Rating: 150-psig working pressure.
c. Body Design: Nutating disc; totalization meter.
d. Registration: In gallons or cubic feet as required by utility.
e. Case: Bronze.
f. End Connections: Threaded.

B. Compound-Type Water Meters:
1. Description:
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a. Standard: AWWA C702.
b. Pressure Rating: 150-psig working pressure.
c. Body Design: With integral mainline and bypass meters; totalization meter.
d. Registration: In gallons or cubic feet as required by utility company.
e. Case: Bronze.
f. Pipe Connections: Flanged.

C. Remote Registration System: Direct-reading type complying with AWWA C706; modified with signal
transmitting assembly, low-voltage connecting wiring, and remote register assembly as required by utility
company.

2.11 ESCUTCHEONS

A. General: Manufactured ceiling, floor, and wall escutcheons and floor plates.

B. One Piece, Cast Brass: Polished, chrome-plated or rough-brass finish with setscrews.

C. One Piece, Deep Pattern: Deep-drawn, box-shaped brass with chrome-plated finish.

D. One Piece, Stamped Steel: Chrome-plated finish with setscrew or spring clips.

E. Split Casting, Cast Brass:  Polished, chrome-plated or rough-brass finish with concealed hinge and
setscrew.

F. Split Plate, Stamped Steel: Chrome-plated finish with concealed hinge, setscrew or spring clips.

G. One-Piece Floor Plates: Cast-iron flange with holes for fasteners.

H. Split-Casting Floor Plates: Cast brass with concealed hinge.

2.12 SLEEVES

A. Cast-Iron Wall Pipes: Fabricated of cast iron, and equivalent to ductile-iron pressure pipe, with plain ends
and integral waterstop unless otherwise indicated.

B. Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.

C. PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

D. Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M,  Type E,  Grade B,  Schedule 40,  zinc-
coated, with plain ends.

E. Stack Sleeve Fittings:  Manufactured, cast-iron sleeve with integral clamping flange.  Include clamping
ring and bolts and nuts for membrane flashing.
1. Underdeck Clamp: Clamping ring with setscrews.
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2.13 SLEEVE SEALS

A. Description:  Modular sealing element unit, designed for field assembly, used to fill annular space
between pipe and sleeve.
1. Sealing Elements: EPDM-rubber  interlocking links  shaped  to fit  surface of  pipe. Include

type and number required for pipe material and size of pipe.
2. Pressure Plates: Carbon steel.
3. Connecting Bolts and Nuts:   Carbon steel, with corrosion-resistant coating, of length required to

secure pressure plates to sealing elements.

2.14 GROUT

A. Standard: ASTM C 1107,  Grade B,  post-hardening  and  volume-adjusting,  dry,  hydraulic-
cement grout.

B. Characteristics: Nonshrink; recommended for interior and exterior applications.

C. Design Mix: 5000-psi, 28-day compressive strength.

D. Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 EARTHWORK

A. Comply with requirements in Division 31 Section "Earth Moving" for excavating, trenching, and backfilling.

3.2 PIPING INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of domestic water
piping. Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion,
and other design considerations. Install piping as indicated unless deviations to layout are approved on
Coordination Drawings.

B. Install copper tubing under building slab according to CDA's "Copper Tube Handbook."

C. Install ductile-iron piping under building slab with restrained joints according to AWWA C600 and AWWA
M41.

D. Install shutoff valve, hose-end drain valve, strainer, pressure gage, and test tee with valve, inside the
building at each domestic water service entrance. Comply with requirements in Division 22 Section
"Meters and Gages for Plumbing Piping" for pressure gages and Division 22 Section "Domestic Water
Piping Specialties" for drain valves and strainers.

E. Install shutoff valve immediately upstream of each dielectric fitting.

F. Install water-pressure-reducing valves downstream from shutoff valves. Comply with requirements in
Division 22 Section "Domestic Water Piping Specialties" for pressure-reducing valves.
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G. Install domestic water piping level with 0.25 percent slope downward toward drain and plumb.

H. Rough-in domestic water piping for water-meter installation according to utility company's requirements.

I. Install seismic restraints on piping. Comply with requirements in Division 22 Section "Vibration and
Seismic Controls for Plumbing Piping and Equipment" for seismic-restraint devices.

J. Install piping concealed from view and protected from physical contact by building occupants unless
otherwise indicated and except in equipment rooms and service areas.

K. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or
parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.

L. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal, and coordinate
with other services occupying that space.

M. Install piping adjacent to equipment and specialties to allow service and maintenance.

N. Install piping to permit valve servicing.

O. Install nipples, unions, special fittings, and valves with pressure ratings the same as or higher than
system pressure rating used in applications below unless otherwise indicated.

P. Install piping free of sags and bends.

Q. Install fittings for changes in direction and branch connections.

R. Install unions in copper tubing at final connection to each piece of equipment, machine, and specialty.

S. Install pressure gages on suction and discharge piping from each plumbing pump and packaged booster
pump. Comply with requirements in Division 22 Section "Meters and Gages for Plumbing Piping" for
pressure gages.

T. Install thermostats in hot-water circulation piping. Comply with requirements in Division 22 Section
"Domestic Water Pumps" for thermostats.

U. Install thermometers on outlet piping from each water heater. Comply with requirements in Division 22
Section "Meters and Gages for Plumbing Piping" for thermometers.

3.3 JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

B. Remove scale, slag, dirt, and debris from inside and outside of pipes, tubes, and fittings before assembly.

C. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and
clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings
and valves as follows:
1. Apply appropriate tape or thread compound to external pipe threads.
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2. Damaged Threads:   Do not use pipe or pipe fittings with threads that are corroded or damaged.

D. Brazed Joints:  Join copper tube and fittings according to CDA's "Copper Tube Handbook," "Brazed
Joints" Chapter.

E. Soldered Joints: Apply ASTM B 813, water-flushable flux to end of tube. Join copper tube and fittings
according to ASTM B 828 or CDA's "Copper Tube Handbook."

F. Pressure-Sealed Joints: Join copper tube and pressure-seal fittings with tools recommended by fitting
manufacturer.

G. Copper-Tubing, Push-on Joints: Clean end of tube. Measure insertion depth with manufacturer's depth
gage. Join copper tube and push-on-joint fittings by inserting tube to measured depth.

H. Flanged Joints: Select appropriate asbestos-free, nonmetallic gasket material in size, type, and thickness
suitable for domestic water service. Join flanges with gasket and bolts according to ASME B31.9.

I. Plastic Piping Solvent-Cement Joints: Clean and dry joining surfaces. Join pipe and fittings according to
the following:
1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.

Apply primer.
2. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.

J. Dissimilar-Material Piping Joints: Make joints using adapters compatible with materials of both piping
systems.

3.4 VALVE INSTALLATION

A. General-Duty Valves: Comply with requirements in Division 22 Section "General-Duty Valves for
Plumbing Piping" for valve installations.

B. Install shutoff valve close to water main on each branch and riser serving plumbing fixtures or equipment,
on each water supply to equipment, and on each water supply to plumbing fixtures that do not have
supply stops. Use ball or gate valves for piping NPS 2 and smaller. Use butterfly or gate valves for piping
NPS 2-1/2 and larger.

C. Install drain valves for equipment at base of each water riser, at low points in horizontal piping, and
where required to drain water piping. Drain valves are specified in Division 22 Section "Domestic Water
Piping Specialties."
1. Hose-End Drain Valves: At low points in water mains, risers, and branches.
2. Stop-and-Waste Drain Valves: Instead of hose-end drain valves where indicated.

D. Install balancing valve in each hot-water circulation return branch and discharge side of each pump and
circulator. Set balancing valves partly open to restrict but not stop flow. Use ball valves for piping NPS 2
and smaller and butterfly valves for piping NPS 2-1/2 and larger. Comply with requirements in Division 22
Section "Domestic Water Piping Specialties" for balancing valves.
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3.5 TRANSITION FITTING INSTALLATION

A. Install transition couplings at joints of dissimilar piping.

B. Transition Fittings in Underground Domestic Water Piping:
1. NPS 1-1/2 and Smaller: Fitting-type coupling.
2. NPS 2 and Larger: Sleeve-type coupling.

C. Transition Fittings in Aboveground Domestic Water PipingNPS 2 and Smaller: Plastic-to-metal transition
fittings or unions.

3.6 DIELECTRIC FITTING INSTALLATION

A. Install dielectric fittings in piping at connections of dissimilar metal piping and tubing.

B. Dielectric Fittings for NPS 2 and Smaller: Use dielectric couplings or nipples unions.

C. Dielectric Fittings for NPS 2-1/2 to NPS 4: Use dielectric flanges.

D. Dielectric Fittings for NPS 5 to NPS 6: Use dielectric flange kits.

3.7 FLEXIBLE CONNECTOR INSTALLATION

A. Install flexible connectors in suction and discharge piping connections to each domestic water pump and
in suction and discharge manifold connections to each domestic water booster pump.

B. Install bronze-hose flexible connectors in copper domestic water tubing.

C. Install stainless-steel-hose flexible connectors in steel domestic water piping.

3.8 WATER METER INSTALLATION

A. Rough-in domestic water piping for water meter installation, and install water meters according to utility
company's requirements.

B. Water meters will be furnished and installed by utility company.

C. Install  water  meters  according  to  AWWA M6,  utility  company's  requirements,  and  the following:

D. Install displacement-type water meters with shutoff valve on water-meter inlet. Install valve on
water-meter outlet and valved bypass around meter unless prohibited by authorities having jurisdiction.

E. Install compound-type water meters with shutoff valves on water-meter inlet and outlet and on valved
bypass around meter. Support meters, valves, and piping on brick or concrete piers.

F. Install remote registration system according to standards of utility company and of authorities having
jurisdiction.
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3.9 HANGER AND SUPPORT INSTALLATION

A. Comply  with  requirements  in  Division 22  Section  "Vibration  and  Seismic  Controls  for Plumbing
Piping and Equipment" for seismic-restraint devices.

B. Comply with requirements in Division 22 Section "Hangers and Supports for Plumbing Piping and
Equipment" for pipe hanger and support products and installation.
1. Vertical Piping: MSS Type 8 or 42, clamps.
2. Individual, Straight, Horizontal Piping Runs:

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.
c. Base of Vertical Piping: MSS Type 52, spring hangers.

C. Support vertical piping and tubing at base and at each floor.

D. Rod diameter may be reduced one size for double-rod hangers, to a minimum of 3/8 inch.

E. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod
diameters:
1. NPS 3/4 and Smaller: 60 inches with 3/8-inch rod.
2. NPS 1 and NPS 1-1/4: 72 inches with 3/8-inch rod.
3. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod.
4. NPS 2-1/2: 108 inches with 1/2-inch rod.
5. NPS 3 to NPS 5: 10 feet with 1/2-inch rod.
6. NPS 6: 10 feet with 5/8-inch rod.

F. Install supports for vertical copper tubing every 10 feet.

G. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod
diameters:
1. NPS 1-1/4 and Smaller: 84 inches with 3/8-inch rod.
2. NPS 1-1/2: 108 inches with 3/8-inch rod.
3. NPS 2: 10 feet with 3/8-inch rod.
4. NPS 2-1/2: 11 feet with 1/2-inch rod.
5. NPS 3 and NPS 3-1/2: 12 feet with 1/2-inch rod.
6. NPS 4 and NPS 5: 12 feet with 5/8-inch rod.
7. NPS 6: 12 feet with 3/4-inch rod.

H. Install supports for vertical steel piping every 15 feet.

I. Install vinyl-coated hangers for CPVC piping with the following maximum horizontal spacing and
minimum rod diameters:
1. NPS 1 and Smaller: 36 inches with 3/8-inch rod.
2. NPS 1-1/4 to NPS 2: 48 inches with 3/8-inch rod.

J. Install supports for vertical CPVC piping every 60 inches for NPS 1 and smaller, and every 72 inches for
NPS 1-1/4 and larger.
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K. Install vinyl-coated hangers for PEX piping with the following maximum horizontal spacing and minimum
rod diameters:
1. NPS 1 and Smaller: 32 inches with 3/8-inch rod.

L. Install hangers for vertical PEX piping every 48 inches.

M. Install vinyl-coated hangers for PVC piping with the following maximum horizontal spacing and minimum
rod diameters:
1. NPS 2 and Smaller: 48 inches with 3/8-inch rod.
2. NPS 2-1/2 to NPS 3-1/2: 48 inches with 1/2-inch rod.
3. NPS 4 and NPS 5: 48 inches with 5/8-inch rod.
4. NPS 6: 48 inches with 3/4-inch rod.

N. Install supports for vertical PVC piping every 48 inches.

O. Support piping and tubing not listed in this article according to MSS SP-69 and manufacturer's written
instructions.

3.10 CONNECTIONS

A. Drawings indicate general arrangement of piping, fittings, and specialties.

B. Install piping adjacent to equipment and machines to allow service and maintenance.

C. Connect domestic water piping to exterior water-service piping.  Use transition fitting to join dissimilar
piping materials.

D. Connect domestic water piping to water-service piping with shutoff valve; extend and connect to the
following:
1. Domestic Water Booster Pumps: Cold-water suction and discharge piping.
2. Water Heaters:  Cold-water inlet and hot-water outlet piping in sizes indicated, but not smaller than

sizes of water heater connections.
3. Plumbing Fixtures: Cold- and hot-water supply piping in sizes indicated, but not smaller than

required by plumbing code. Comply with requirements in Division 22 plumbing fixture Sections for
connection sizes.

4. Equipment: Cold- and hot-water supply piping as indicated, but not smaller than equipment
connections. Provide shutoff valve and union for each connection. Use flanges instead of unions for
NPS 2-1/2 and larger.

3.11 ESCUTCHEON INSTALLATION

A. Install escutcheons for penetrations of walls, ceilings, and floors.

B. Escutcheons for New Piping:
1. Piping with Fitting or Sleeve Protruding from Wall: One piece, deep pattern.
2. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One piece, cast brass with

polished chrome-plated finish.
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3. Bare Piping at Ceiling Penetrations in Finished Spaces: One piece, cast brass with
polished chrome-plated finish.

4. Bare Piping in Unfinished Service Spaces:  One piece, cast brass with polished chrome- plated
finish cast brass with rough-brass finish.

5. Bare Piping in Equipment Rooms: One piece, cast brass.
6. Bare Piping at Floor Penetrations in Equipment Rooms: One-piece floor plate.

C. Escutcheons for Existing Piping:
1. Chrome-Plated Piping: Split casting, cast brass with chrome-plated finish.
2. Insulated Piping: Split plate, stamped steel with concealed hinge and spring clips.
3. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split casting, cast brass with

chrome-plated finish.
4. Bare Piping at Ceiling Penetrations in Finished Spaces:   Split casting, cast brass with

chrome-plated finish.
5. Bare  Piping  in  Unfinished  Service  Spaces: Split  casting,  cast  brass  with  polished

chrome-plated finish.
6. Bare Piping in Equipment Rooms: Split casting, cast brass.
7. Bare Piping at Floor Penetrations in Equipment Rooms: Split-casting floor plate.

3.12 SLEEVE INSTALLATION

A. General Requirements: Install sleeves for pipes and tubes passing through penetrations in floors,
partitions, roofs, and walls.

B. Sleeves are not required for core-drilled holes.

C. Permanent sleeves are not required for holes formed by removable PE sleeves.

D. Cut sleeves to length for mounting flush with both surfaces unless otherwise indicated.

E. Install sleeves in new partitions, slabs, and walls as they are built.

F. For interior wall penetrations, seal annular space between sleeve and pipe or pipe insulation using joint
sealants appropriate for size, depth, and location of joint. Comply with requirements in Division 07
Section "Joint Sealants" for joint sealants.

G. For exterior wall penetrations above grade, seal annular space between sleeve and pipe using joint
sealants appropriate for size, depth, and location of joint. Comply with requirements in Division 07
Section "Joint Sealants" for joint sealants.

H. For exterior wall penetrations below grade, seal annular space between sleeve and pipe using

I. Seal space outside of sleeves in concrete slabs and walls with grout.

J. Install sleeves that are large enough to provide 1/4-inch annular clear space between sleeve and pipe or
pipe insulation unless otherwise indicated.

K. Install sleeve materials according to the following applications:
1. Sleeves for Piping Passing through Concrete Floor Slabs: Steel pipe.
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2. Sleeves for Piping Passing through Concrete Floor Slabs of Mechanical Equipment Areas or Other
Wet Areas: Steel pipe.
a. Extend sleeves 2 inches above finished floor level.
b. For pipes penetrating floors with membrane waterproofing, extend cast-iron sleeve fittings

below floor slab as required to secure clamping ring if ring is specified. Secure flashing
between clamping flanges. Install section of cast-iron soil pipe to extend sleeve to 2 inches
above finished floor level. Comply with requirements in Division 07 Section "Sheet Metal
Flashing and Trim" for flashing.

3. Sleeves for Piping Passing through Gypsum-Board Partitions:
a. Steel pipe sleeves for pipes smaller than NPS 6.
b. Galvanized-steel sheet sleeves for pipes NPS 6 and larger.
c. Exception:  Sleeves are not required for water supply tubes and waste pipes for individual

plumbing fixtures if escutcheons will cover openings.
4. Sleeves for Piping Passing through Concrete Roof Slabs: Steel pipe.
5. Sleeves for Piping Passing through Exterior Concrete Walls:

a. Steel pipe sleeves for pipes smaller than NPS 6.
b. Cast-iron wall pipe sleeves for pipes NPS 6 and larger.
c. Install sleeves that are large enough to provide 1-inch annular clear space between sleeve

and pipe or pipe insulation when sleeve seals are used.

L. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe
penetrations. Seal pipe penetrations with firestop materials.  Comply with requirements in Division 07
Section "Penetration Firestopping" for firestop materials and installations.

3.13 SLEEVE SEAL INSTALLATION

A. Install sleeve seals in sleeves in exterior concrete walls at water-service piping entries into building.

B. Select type and number of sealing elements required for pipe material and size. Position pipe in center of
sleeve. Assemble sleeve seal components and install in annular space between pipe and sleeve. Tighten
bolts against pressure plates that cause sealing elements to expand and make watertight seal.

3.14 IDENTIFICATION

A. Identify system components.  Comply with requirements in Division 22 Section "Identification for
Plumbing Piping and Equipment" for identification materials and installation.

B. Label pressure piping with system operating pressure.

3.15 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Piping Inspections:
1. Do not enclose, cover, or put piping into operation until it has been inspected and approved by

authorities having jurisdiction.
2. During installation, notify authorities having jurisdiction at least one day before inspection must be

made. Perform tests specified below in presence of authorities having jurisdiction:
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a. Roughing-in Inspection:   Arrange for inspection of piping before concealing or closing-in after
roughing-in and before setting fixtures.

b. Final Inspection:   Arrange final inspection for authorities having jurisdiction to observe tests
specified below and to ensure compliance with requirements.

3. Reinspection: If authorities having jurisdiction find that piping will not pass tests or inspections,
make required corrections and arrange for reinspection.

4. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.

C. Piping Tests:
1. Fill domestic water piping. Check components to determine that they are not air bound and that

piping is full of water.
2. Test for leaks and defects in new piping and parts of existing piping that have been altered,

extended, or repaired. If testing is performed in segments, submit a separate report for each test,
complete with diagram of portion of piping tested.

3. Leave new, altered, extended, or replaced domestic water piping uncovered and unconcealed until
it has been tested and approved. Expose work that was covered or concealed before it was tested.

4. Cap and subject piping to static water pressure of 50 psig above operating pressure, without
exceeding pressure rating of piping system materials. Isolate test source and allow to stand for four
hours. Leaks and loss in test pressure constitute defects that must be repaired.

5. Repair leaks and defects with new materials and retest piping or portion thereof until satisfactory
results are obtained.

6. Prepare reports for tests and for corrective action required.

D. Domestic water piping will be considered defective if it does not pass tests and inspections.

E. Prepare test and inspection reports.

3.16 CLEANING

A. Clean and disinfect potable and non-potable domestic water piping as follows:
1. Purge new piping and parts of existing piping that have been altered, extended, or repaired before

using.
2. Use purging and disinfecting procedures prescribed by authorities having jurisdiction; if methods

are not prescribed, use procedures described in either AWWA C651 or AWWA C652 or follow
procedures described below:
a. Flush piping system with clean, potable water until dirty water does not appear at outlets.
b. Fill and isolate system according to either of the following:

1) Fill system or part thereof with water/chlorine solution with at least 50 ppm of chlorine.
Isolate with valves and allow to stand for 24 hours.

2) Fill system or part thereof with water/chlorine solution with at least 200 ppm of chlorine.
Isolate and allow to stand for three hours.

c. Flush system with clean, potable water until no chlorine is in water coming from system after
the standing time.

d. Submit water samples in sterile bottles to authorities having jurisdiction.  Repeat procedures if
biological examination shows contamination.

B. Prepare and submit reports of purging and disinfecting activities.
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C. Clean interior of domestic water piping system. Remove dirt and debris as work progresses.

3.17 PIPING SCHEDULE

A. Transition and special fittings with pressure ratings at least equal to piping rating may be used in
applications below unless otherwise indicated.

B. Flanges and unions may be used for aboveground piping joints unless otherwise indicated.

C. Under-building-slab, domestic water, building service piping, NPS 3 and smaller, shall be one of the
following:
1. Soft copper tube, ASTM B 88, Type K; wrought-copper solder-joint fittings; and brazed joints.

D. Under-building-slab, domestic water, building-service piping, NPS 4 to NPS 6, shall be one of the
following:
1. Push-on-joint, ductile-iron pipe; standard- or compact- pattern push-on-joint fittings; and gasketed

joints.

E. Under-building-slab, domestic water piping, NPS 2 and smaller, shall be one of the following:
1. Hard copper tube, ASTM B 88, Type L; wrought-copper solder-joint fittings; and brazed joints.

F. Aboveground domestic water piping, NPS 2 and smaller, shall be one of the following:
1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint fittings; and soldered

joints.
2. Hard copper tube, ASTM B 88, Type L or ASTM B 88, Type M; copper pressure-seal- joint fittings;

and pressure-sealed joints.
3. Hard copper tube, ASTM B 88, Type L or ASTM B 88, Type M; copper push-on-joint fittings; and

push-on joints.
4. CPVC Tubing System: CPVC tube; CPVC socket fittings; and solvent-cemented joints.

G. Aboveground domestic water piping, NPS 2-1/2 to NPS 4, shall be one of the following:
1. Hard copper tube, ASTM B 88, Type L ASTM B 88, solder-joint fittings; and soldered joints.
2. Hard copper tube, ASTM B 88, Type L or ASTM B 88,  pressure-seal- joint fittings; and

pressure-sealed joints.

H. Aboveground domestic water piping, NPS 5 and NPS 6, shall be one of the following:
1. Hard copper tube, ASTM B 88, Type L; cast- or wrought- copper solder-joint fittings; and soldered

joints.

3.18 VALVE SCHEDULE

A. Drawings indicate valve types to be used.  Where specific valve types are not indicated, the following
requirements apply:
1. Shutoff Duty:  Use ball or gate valves for piping NPS 2 and smaller.  Use butterfly, ball, or gate

valves with flanged ends for piping NPS 2-1/2 and larger.
2. Throttling Duty: Use ball or globe valves for piping NPS 2 and smaller. Use butterfly or ball valves

with flanged ends for piping NPS 2-1/2 and larger.
3. Hot-Water Circulation Piping, Balancing Duty: Memory-stop balancing valves.
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a. Drain Duty: Hose-end drain valves.

B. Use check valves to maintain correct direction of domestic water flow to and from equipment.

C. Iron grooved-end valves may be used with grooved-end piping.

D. CPVC and PVC valves matching piping materials may be used.

END OF SECTION
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SECTION 22 1119 - DOMESTIC WATER PIPING SPECIALTIES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following domestic water piping specialties:
1. Vacuum breakers.
2. Backflow preventers.
3. Water pressure-reducing valves.
4. Balancing valves.
5. Temperature-actuated water mixing valves.
6. Strainers.
7. Hose bibbs.
8. Wall hydrants.
9. Drain valves.
10. Water hammer arresters.
11. Trap-seal primer valves.

B. See Division 22 Section "Domestic Water Piping" for water meters.

C. See Division 22 Section "Drinking Fountains and Water Coolers" for water filters for water coolers.

D. See Division 22 Section "Domestic Water Filtration Equipment" for water filters in domestic water piping.

1.2 PERFORMANCE REQUIREMENTS

A. Minimum Working Pressure for Domestic Water Piping Specialties: 125 psig, unless otherwise indicated.

1.3 SUBMITTALS

A. Product Data: For each type of product indicated.

B. Field quality-control test reports.

C. Operation and maintenance data.

1.4 QUALITY ASSURANCE

A. NSF Compliance:
1. Comply with NSF 14, "Plastics Piping Components and Related Materials," for plastic domestic

water piping components.
2. Comply with NSF 61, "Drinking Water System Components - Health Effects; Sections 1 through 9."

PART 2 - PRODUCTS

2.1 VACUUM BREAKERS

A. Pipe-Applied, Atmospheric-Type Vacuum Breakers:
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1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products
that may be incorporated into the Work include, but are not limited to, the following:

2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
a. Ames Co.
b. Cash Acme.
c. Conbraco Industries, Inc.
d. FEBCO; SPX Valves & Controls.
e. Rain Bird Corporation.
f. Toro Company (The); Irrigation Div.
g. Watts Industries, Inc.; Water Products Div.
h. Zurn Plumbing Products Group; Wilkins Div.
i. Standard: ASSE 1001.
j. Size: NPS 1/4 to NPS 3, as required to match connected piping.
k. Body: Bronze.
l. Inlet and Outlet Connections: Threaded.
m. Finish: Rough bronze.

3. Hose-Connection Vacuum Breakers:
a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering

products that may be incorporated into the Work include, but are not limited to, the following:
b. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
1) Arrowhead Brass Products, Inc.
2) Cash Acme.
3) Conbraco Industries, Inc.
4) Legend Valve.
5) MIFAB, Inc.
6) Prier Products, Inc.
7) Watts Industries, Inc.; Water Products Div.
8) Woodford Manufacturing Company.
9) Zurn Plumbing Products Group; Light Commercial Operation.
10) Zurn Plumbing Products Group; Wilkins Div.

c. Standard: ASSE 1001.
d. Body: Bronze, nonremovable, with manual drain.
e. Outlet Connection: Garden-hose threaded complying with ASME B1.20.7.
f. Finish: Rough bronze.

2.2 BACKFLOW PREVENTERS

A. Intermediate Atmospheric-Vent Backflow Preventers:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Cash Acme.
b. Conbraco Industries, Inc.
c. FEBCO; SPX Valves & Controls.
d. Honeywell Water Controls.
e. Legend Valve.
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f. Watts Industries, Inc.; Water Products Div.
g. Zurn Plumbing Products Group; Wilkins Div.

3. Standard: ASSE 1012.
4. Operation: Continuous-pressure applications.
5. Size: NPS 3/4.
6. Body: Bronze.
7. End Connections: Solder joint.
8. Finish: Rough bronze.

B. Reduced-Pressure-Principle Backflow Preventers:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Ames Co.
b. Conbraco Industries, Inc.
c. FEBCO; SPX Valves & Controls.
d. Flomatic Corporation.
e. Watts Industries, Inc.; Water Products Div.
f. Zurn Plumbing Products Group; Wilkins Div.

4. Standard: ASSE 1013.
5. Operation: Continuous-pressure applications.
6. Pressure Loss: 12 psig maximum, through middle 1/3 of flow range.
7. Size: as per drawings
8. Design Flow Rate: as per drawings
9. Selected Unit Flow Range Limits: as per drawings
10. Pressure Loss at Design Flow Rate:  as per drawings for sizes NPS 2 and smaller; as per drawings

for NPS 2-1/2 and larger.
11. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or that is FDA approved for NPS 2-1/2 and larger.
12. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
13. Configuration: Designed for horizontal, straight through flow.
14. Accessories:

a. Valves: Ball type with threaded ends on inlet and outlet ofNPS 2 and smaller; outside screw
and yoke gate-type with flanged ends on inlet and outlet of NPS 2- 1/2 and larger.

b. Air-Gap Fitting: ASME A112.1.2, matching backflow-preventer connection.

C. Double-Check Backflow-Prevention Assemblies:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Ames Co.
b. Conbraco Industries, Inc.
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c. FEBCO; SPX Valves & Controls.
d. Flomatic Corporation.
e. Watts Industries, Inc.; Water Products Div.
f. Zurn Plumbing Products Group; Wilkins Div.

4. Standard: ASSE 1015.
5. Operation: Continuous-pressure applications, unless otherwise indicated.
6. Pressure Loss: 5 psig maximum, through middle 1/3 of flow range.
7. Size: as per drawings
8. Design Flow Rate: as per drawings
9. Selected Unit Flow Range Limits: as per drawings
10. Pressure Loss at Design Flow Rate:  as per drawings for sizes NPS 2 and smaller; as per drawings

for NPS 2-1/2 and larger.
11. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or that is FDA approved for NPS 2-1/2 and larger.
12. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
13. Configuration: Designed for horizontal, straight through flow.
14. Accessories:

a. Valves: Ball type with threaded ends on inlet and outlet of NPS 2 and smaller; outside screw
and yoke gate-type with flanged ends on inlet and outlet of NPS 2- 1/2 and larger.

D. Backflow-Preventer Test Kits:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Conbraco Industries, Inc.
b. FEBCO; SPX Valves & Controls.
c. Flomatic Corporation.
d. Watts Industries, Inc.; Water Products Div.
e. Zurn Plumbing Products Group; Wilkins Div.

4. Description:  Factory calibrated, with gages, fittings, hoses, and carrying case with test- procedure
instructions.

2.3 WATER PRESSURE-REDUCING VALVES

A. Water Regulators:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Cash Acme.
b. Conbraco Industries, Inc.
c. Honeywell Water Controls.
d. Watts Industries, Inc.; Water Products Div.
e. Zurn Plumbing Products Group; Wilkins Div.

3. Standard: ASSE 1003.
4. Pressure Rating: Initial working pressure of 150 psig.
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5. Size: as per drawings
6. Design Flow Rate: as per drawings
7. Design Inlet Pressure: as per drawings
8. Design Outlet Pressure Setting: as per drawings
9. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or that is FDA approved for NPS 2-1/2 and NPS 3.
10. Valves for Booster Heater Water Supply: Include integral bypass.
11. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and NPS 3.

2.4 BALANCING VALVES

A. Memory-Stop Balancing Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Conbraco Industries, Inc.
b. Crane Co.; Crane Valve Group; Crane Valves.
c. Crane Co.; Crane Valve Group; Jenkins Valves.
d. Crane Co.; Crane Valve Group; Stockham Div.
e. Hammond Valve.
f. Milwaukee Valve Company.
g. NIBCO INC.
h. Red-White Valve Corp.

3. Standard: MSS SP-110 for two-piece, copper-alloy ball valves.
4. Pressure Rating: 400-psig minimum CWP.
5. Size: NPS 2 or smaller.
6. Body: Copper alloy.
7. Port: Standard or full port.
8. Ball: Chrome-plated brass.
9. Seats and Seals: Replaceable.
10. End Connections: Solder joint or threaded.
11. Handle: Vinyl-covered steel with memory-setting device.

2.5 TEMPERATURE-ACTUATED WATER MIXING VALVES

A. Water-Temperature Limiting Devices:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Armstrong International, Inc.
b. Cash Acme.
c. Conbraco Industries, Inc.
d. Honeywell Water Controls.
e. Legend Valve.
f. Leonard Valve Company.
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g. Powers; a Watts Industries Co.
h. Symmons Industries, Inc.
i. Taco, Inc.
j. Watts Industries, Inc.; Water Products Div.
k. Zurn Plumbing Products Group; Wilkins Div.

4. Standard: ASSE 1017.
5. Pressure Rating: 125 psig.
6. Type: Thermostatically controlled water mixing valve.
7. Material: Bronze body with corrosion-resistant interior components.
8. Connections: Threaded union inlets and outlet.
9. Accessories:  Check stops on hot- and cold-water supplies, and adjustable, temperature- control

handle.
10. Tempered-Water Setting: 105°F
11. Tempered-Water Design Flow Rate: as per drawings
12. Valve Finish: Rough bronze.

B. Primary, Thermostatic, Water Mixing Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Armstrong International, Inc.
b. Lawler Manufacturing Company, Inc.
c. Leonard Valve Company.
d. Powers; a Watts Industries Co.
e. Symmons Industries, Inc.

4. Standard: ASSE 1017.
5. Pressure Rating: 125 psig.
6. Type: Exposed-mounting, thermostatically controlled water mixing valve.
7. Material: Bronze body with corrosion-resistant interior components.
8. Connections: Threaded union inlets and outlet.
9. Accessories:  Manual temperature control, check stops on hot- and cold-water supplies, and

adjustable, temperature-control handle.
10. Valve Pressure Rating: 125 psig minimum, unless otherwise indicated.
11. Tempered-Water Setting: 105 °F
12. Tempered-Water Design Flow Rate: as per drawings
13. Selected Valve Flow Rate at 45-psig Pressure Drop: as per drawings
14. Pressure Drop at Design Flow Rate: as per drawings
15. Valve Finish: Rough bronze.
16. Piping Finish: Copper.
17. Cabinet: Factory-fabricated, stainless steel, for recessed mounting and with hinged,

stainless-steel door.
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2.6 STRAINERS FOR DOMESTIC WATER PIPING

A. Y-Pattern Strainers:
1. Pressure Rating: 125 psig minimum, unless otherwise indicated.
2. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550

or FDA-approved, epoxy coating and for NPS 2-1/2 and larger.
3. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
4. Screen: Stainless steel with round perforations, unless otherwise indicated.
5. Perforation Size:

a. Strainers NPS 2 and Smaller: 0.020 inch.
b. Strainers NPS 2-1/2 to NPS 4: 0.045 inch.
c. Strainers NPS 5 and Larger: 0.10 inch.

6. Drain: Factory-installed, hose-end drain valve.

2.7 HOSE BIBBS

A. Hose Bibbs:

1. Standard: ASME A112.18.1 for sediment faucets.
2. Body Material: Bronze.
3. Seat: Bronze, replaceable.
4. Supply Connections: NPS 1/2 or NPS 3/4 threaded or solder-joint inlet.
5. Outlet Connection: Garden-hose thread complying with ASME B1.20.7.
6. Pressure Rating: 125 psig.
7. Vacuum   Breaker: Integral or   field-installation,   nonremovable,  hose drainable,

connection vacuum breaker complying with ASSE 1011.
8. Finish for Equipment Rooms: Rough bronze, or chrome or nickel plated.
9. Finish for Service Areas: Rough bronze.
10. Finish for Finished Rooms: Chrome or nickel plated.
11. Operation for Equipment Rooms: Wheel handle or operating key.
12. Operation for Service Areas: Operating key.
13. Operation for Finished Rooms: Operating key.
14. Include operating key with each operating-key hose bibb.
15. Include integral wall flange with each chrome- or nickel-plated hose bibb.

2.8 WALL HYDRANTS

A. Nonfreeze Wall Hydrants:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Josam Company.
b. MIFAB, Inc.
c. Prier Products, Inc.
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
e. Tyler Pipe; Wade Div.
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f. Watts Drainage Products Inc.
g. Woodford Manufacturing Company.
h. Zurn Plumbing Products Group; Light Commercial Operation.
i. Zurn Plumbing Products Group; Specification Drainage Operation.

3. Standard: ASME A112.21.3M for concealed-outlet, self-draining wall hydrants.
4. Pressure Rating: 125 psig.
5. Operation: Loose key.
6. Casing and Operating Rod:  Of length required to match wall thickness.  Include wall clamp.
7. Inlet: NPS 3/4 or NPS 1.
8. Outlet: Concealed, with integral vacuum breaker and garden-hose thread complying with ASME

B1.20.7.
9. Box: Deep, flush mounting with cover.
10. Box and Cover Finish: Polished nickel bronze.
11. Outlet:  Exposed, with integral vacuum breaker and garden-hose thread complying with ASME

B1.20.7.
12. Nozzle and Wall-Plate Finish: Polished nickel bronze.
13. Operating Keys(s): Two with each wall hydrant.

B. Vacuum Breaker Wall Hydrants:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Arrowhead Brass Products, Inc.
b. Mansfield Plumbing Products LLC.
c. McDonald, A. Y. Mfg. Co.
d. Prier Products, Inc.
e. Smith, Jay. R. Mfg. Co.; Division of Smith Industries, Inc.
f. Watts Industries, Inc.; Water Products Div.
g. Woodford Manufacturing Company.
h. Zurn Plumbing Products Group; Light Commercial Operation.

3. Standard: ASSE 1019, Type A or Type B.
4. Type: Freeze-resistant, automatic draining with integral air-inlet valve.
5. Classification: Type A,  for  automatic  draining  with  hose  removed  or Type B,  for

automatic draining with hose removed or with hose attached and nozzle closed.
6. Pressure Rating: 125 psig.
7. Operation: Loose key.
8. Casing and Operating Rod:  Of length required to match wall thickness.  Include wall clamp.
9. Inlet: NPS 1/2 or NPS 3/4.
10. Outlet: Exposed with garden-hose thread complying with ASME B1.20.7.

2.9 DRAIN VALVES

A. Ball-Valve-Type, Hose-End Drain Valves:
1. Standard: MSS SP-110 for standard-port, two-piece ball valves.
2. Pressure Rating: 400-psig minimum CWP.
3. Size: NPS 3/4.
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4. Body: Copper alloy.
5. Ball: Chrome-plated brass.
6. Seats and Seals: Replaceable.
7. Handle: Vinyl-covered steel.
8. Inlet: Threaded or solder joint.
9. Outlet:  Threaded, short nipple with garden-hose thread complying with ASME B1.20.7 and cap with

brass chain.

2.10 WATER HAMMER ARRESTERS

A. Water Hammer Arresters:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. AMTROL, Inc.
b. Josam Company.
c. MIFAB, Inc.
d. PPP Inc.
e. Sioux Chief Manufacturing Company, Inc.
f. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
g. Tyler Pipe; Wade Div.
h. Watts Drainage Products Inc.
i. Zurn Plumbing Products Group; Specification Drainage Operation.

3. Standard: ASSE 1010 or PDI-WH 201.
4. Type: Metal bellows.
5. Size: ASSE 1010, Sizes AA and A through F or PDI-WH 201, Sizes A through F.

2.11 TRAP-SEAL PRIMER VALVES

A. Supply-Type, Trap-Seal Primer Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. MIFAB, Inc.
b. PPP Inc.
c. Sioux Chief Manufacturing Company, Inc.
d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
e. Watts Industries, Inc.; Water Products Div.

3. Standard: ASSE 1018.
4. Pressure Rating: 125 psig minimum.
5. Body: Bronze.
6. Inlet and Outlet Connections: NPS 1/2 threaded, union, or solder joint.
7. Gravity Drain Outlet Connection: NPS 1/2 threaded or solder joint.
8. Finish:   Chrome plated, or rough bronze for units used with pipe or tube that is not chrome finished.
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PART 3 - EXECUTION

3.1 INSTALLATION

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining materials, joint
construction, and basic installation requirements.

B. Install backflow preventers in each water supply to mechanical equipment and systems and to other
equipment and water systems that may be sources of contamination. Comply with authorities having
jurisdiction.
1. Locate backflow preventers in same room as connected equipment or system.
2. Install drain for backflow preventers with atmospheric-vent drain connection with air-gap fitting,

fixed air-gap fitting, or equivalent positive pipe separation of at least two pipe diameters in drain
piping and pipe to floor drain. Locate air-gap device attached to or under backflow preventer.
Simple air breaks are not acceptable for this application.

3. Do not install bypass piping around backflow preventers.

C. Install water regulators with inlet and outlet shutoff valves and bypass with memory-stop balancing valve.
Install pressure gages on inlet and outlet.

D. Install balancing valves in locations where they can easily be adjusted.

E. Install temperature-actuated water mixing valves with check stops or shutoff valves on inlets and with
shutoff valve on outlet.
1. Install thermometers and water regulators if specified.
2. Install cabinet-type units recessed in or surface mounted on wall as specified.

F. Install Y-pattern strainers for water on supply side of each control valve, water pressure- reducing valve,
solenoid valve, and pump.

G. Install water hammer arresters in water piping according to PDI-WH 201.

H. Install supply-type, trap-seal primer valves with outlet piping pitched down toward drain trap a minimum of
1 percent, and connect to floor-drain body, trap, or inlet fitting. Adjust valve for proper flow.

I. Piping installation requirements are specified in other Division 22 Sections. Drawings indicate general
arrangement of piping and specialties.

J. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or
near each of the following:
1. Intermediate atmospheric-vent backflow preventers.
2. Reduced-pressure-principle backflow preventers.
3. Double-check backflow-prevention assemblies.
4. Water pressure-reducing valves.
5. Primary, thermostatic, water mixing valves.
6. Supply-type, trap-seal primer valves.
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K. Distinguish among multiple units, inform operator of operational requirements, indicate safety and
emergency precautions, and warn of hazards and improper operations, in addition to identifying unit.
Nameplates and signs are specified in Division 22 Section "Identification for Plumbing Piping and
Equipment."

3.2 FIELD QUALITY CONTROL

A. Perform the following tests and prepare test reports:
1. Test each reduced-pressure-principle backflow preventer and double-check backflow- prevention

assembly according to authorities having jurisdiction and the device's reference standard.

B. Remove and replace malfunctioning domestic water piping specialties and retest as specified above.

3.3 ADJUSTING

A. Set field-adjustable pressure set points of water pressure-reducing valves.

B. Set field-adjustable flow of balancing valves.

END OF SECTION
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SECTION 22 1122 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 01 Specification Sections, apply to this Section.

1.2 SUMMARY

A. Section Includes:
1. Pipes, tubes, and fittings.
2. Piping specialties.
3. Piping and tubing joining materials.
4. Valves.
5. Pressure regulators.
6. Service meters.
7. Concrete bases.

1.3 DEFINITIONS

A. Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and
duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces,
crawlspaces, and tunnels.

B. Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied spaces and
mechanical equipment rooms.

C. Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient temperatures
and weather conditions.  Examples include rooftop locations.

1.4 PERFORMANCE REQUIREMENTS

A. Minimum Operating-Pressure Ratings:
1. Piping and Valves: 150 psig (1035 kPa) minimum unless otherwise indicated.
2. Service Regulators:  100 psig (690 kPa) minimum unless otherwise indicated.
3. Minimum Operating Pressure of Service Meter:  [5 psig (34.5 kPa)] [10 psig (69 kPa)] [20 psig (138

kPa)] [65 psig (450 kPa)].

B. Natural-Gas System Pressure within Buildings: [0.5 psig (3.45 kPa) or less] [More than 0.5 psig (3.45
kPa) but not more than 2 psig (13.8 kPa)] [More than 2 psig (13.8 kPa) but not more than 5 psig (34.5
kPa)].

C. Delegated Design: Design restraints and anchors for natural-gas piping and equipment, including
comprehensive engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.
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1.5 ACTION SUBMITTALS

A. Product Data: For each type of the following:
1. Piping specialties.
2. Corrugated, stainless-steel tubing with associated components.
3. Valves. Include pressure rating, capacity, settings, and electrical connection data of selected

models.
4. Pressure regulators. Indicate pressure ratings and capacities.
5. Service meters.   Indicate[ pressure ratings and] capacities.   Include [bypass fittings] [bypass

fittings and meter bars] [meter bars] [supports].
6. Dielectric fittings.

B. Delegated-Design Submittal: For natural-gas piping and equipment indicated to comply with performance
requirements and design criteria, including analysis data signed and sealed by the qualified professional
engineer responsible for their preparation.
1. Detail fabrication and assembly of seismic restraints.
2. Design Calculations:  Calculate requirements for selecting seismic restraints.

1.6 INFORMATIONAL SUBMITTALS

A. Qualification Data:  For qualified professional engineer.

B. Welding certificates.

C. Field quality-control reports.

1.7 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For [motorized gas valves] [pressure regulators] [and] [service meters]
to include in emergency, operation, and maintenance manuals.

1.8 QUALITY ASSURANCE

A. Steel Support Welding Qualifications: Qualify  procedures  and  personnel  according  to AWS
D1.1/D1.1M, "Structural Welding Code - Steel."

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and Pressure
Vessel Code.

C. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping according
to requirements of authorities having jurisdiction.

B. Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping, storage, and
handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
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C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging coating,
and protect from direct sunlight.

D. Protect stored PE pipes and valves from direct sunlight.

1.10 PROJECT CONDITIONS

A. Perform site survey, research public utility records, and verify existing utility locations. Contact
utility-locating service for area where Project is located.

B. Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities occupied by
Owner or others unless permitted under the following conditions and then only after arranging to provide
purging and startup of natural-gas supply according to requirements indicated:
1. Notify the Owner no fewer than seven days in advance of proposed interruption of natural-gas

service.
2. Do not proceed with interruption of natural-gas service without the Owner’s written permission.

1.11 COORDINATION

A. Coordinate sizes and locations of concrete bases with actual equipment provided.

B. Coordinate requirements for access panels and doors for valves installed concealed behind finished
surfaces.  Comply with requirements in Section 083113 "Access Doors and Frames."

PART 2 - PRODUCTS

2.1 PIPES, TUBES, AND FITTINGS

A. Steel Pipe:  ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.
1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, standard pattern.
2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket welding.
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, and threaded

ends.
4. Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, including bolts,

nuts, and gaskets of the following material group, end connections, and facings:
a. Material Group:  1.1.
b. End Connections: Threaded or butt welding to match pipe.
c. Lapped Face:  Not permitted underground.
d. Gasket Materials:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, and

spiral-wound metal gaskets.
e. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground and stainless steel

underground.
1) Protective Coating for Underground Piping: Factory-applied, three-layer coating  of

epoxy, adhesive, and PE.
(a) Joint Cover Kits:  Epoxy paint, adhesive, and heat-shrink PE sleeves.

2) Mechanical Couplings:
(a) Manufacturers:  Subject to compliance with requirements, provide products by one

of the following:
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(1) Dresser Piping Specialties; Division of Dresser, Inc.
(2) Smith-Blair, Inc.

(b) [Stainless-steel] [Steel] flanges and tube with epoxy finish.
(c) Buna-nitrile seals.
(d) [Stainless-steel] [Steel] bolts, washers, and nuts.
(e) Coupling shall be capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or

steel pipe to steel pipe.
(f) Steel  body  couplings  installed  underground  on  plastic  pipe  shall  be  factory

equipped with anode.
f. Corrugated, Stainless-Steel Tubing:  Comply with ANSI/IAS LC 1.

1) Manufacturers:  Subject to compliance with requirements, provide products by one of the
following:
(a) Parker Hannifin Corporation; Parflex Division.
(b) Titeflex.
(c) Gastite.

2) Tubing:  ASTM A 240/A 240M, corrugated, Series 300 stainless steel.
3) Coating:  PE with flame retardant.

(a) Surface-Burning Characteristics: As determined by testing identical products
according to ASTM E 84 by a qualified testing agency. Identify products with
appropriate markings of applicable testing agency.
(1) Flame-Spread Index:  25 or less.
(2) Smoke-Developed Index:  [50] [450] or less.

4) Fittings: Copper-alloy mechanical fittings with ends made to fit and listed for use with
corrugated stainless-steel tubing and capable of metal-to-metal seal without gaskets.
Include brazing socket or threaded ends complying with ASME B1.20.1.

5) Striker Plates:  Steel, designed to protect tubing from penetrations.
6) Manifolds: Malleable iron or steel with factory-applied protective coating. Threaded

connections shall comply with ASME B1.20.1 for pipe inlet and corrugated tubing outlets.
7) Operating-Pressure Rating: 5 psig (34.5 kPa).

B. PE Pipe:  ASTM D 2513, SDR 11.
1. PE Fittings: ASTM D 2683, socket-fusion type or ASTM D 3261, butt-fusion type with dimensions

matching PE pipe.
2. PE Transition Fittings: Factory-fabricated fittings with PE  pipe  complying  with ASTM D 2513, SDR

11; and steel pipe complying with ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade
B.

3. Anodeless Service-Line Risers:  Factory fabricated and leak tested.
a. Underground Portion:  PE pipe complying with ASTM D 2513, SDR 11 inlet.
b. Casing: Steel pipe complying with ASTM A 53/A 53M, Schedule 40, black steel, Type E or S,

Grade B, with corrosion-protective coating covering.[ Vent casing aboveground.]
c. Aboveground Portion:  PE transition fitting.
d. Outlet shall be threaded or flanged or suitable for welded connection.
e. Tracer wire connection.
f. Ultraviolet shield.
g. Stake supports with factory finish to match steel pipe casing or carrier pipe.

4. Transition Service-Line Risers:  Factory fabricated and leak tested.
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a. Underground Portion: PE pipe complying with ASTM D 2513, SDR 11 inlet connected to steel
pipe complying with ASTM A 53/A 53M, Schedule 40, Type E or S, Grade B, with
corrosion-protective coating for aboveground outlet.

b. Outlet shall be threaded or flanged or suitable for welded connection.
c. Bridging sleeve over mechanical coupling.
d. Factory-connected anode.
e. Tracer wire connection.
f. Ultraviolet shield.
g. Stake supports with factory finish to match steel pipe casing or carrier pipe.

5. Plastic Mechanical Couplings,NPS 1-1/2 (DN 40) and Smaller: Capable of joining PE pipe to PE
pipe.
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Lyall, R. W. & Company, Inc.
2) Mueller Co.; Gas Products Div.
3) Perfection Corporation; a subsidiary of American Meter Company.

b. PE body with molded-in, stainless-steel support ring.
c. Buna-nitrile seals.
d. Acetal collets.
e. Electro-zinc-plated steel stiffener.

6. Plastic Mechanical Couplings,NPS 2 (DN 50) and Larger:  Capable of joining PE pipe to PE pipe,
steel pipe to PE pipe, or steel pipe to steel pipe.
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Lyall, R. W. & Company, Inc.
2) Mueller Co.; Gas Products Div.
3) Perfection Corporation; a subsidiary of American Meter Company.

b. Fiber-reinforced plastic body.
c. PE body tube.
d. Buna-nitrile seals.
e. Acetal collets.
f. Stainless-steel bolts, nuts, and washers.

7. Steel Mechanical Couplings:  Capable of joining plain-end PE pipe to PE pipe, steel pipe to PE
pipe, or steel pipe to steel pipe.
a. Manufacturers:  Subject to compliance with requirements, provide products by one of the

following:
1) Dresser Piping Specialties; Division of Dresser, Inc.
2) Smith-Blair, Inc.

b. [Stainless-steel] [Steel] flanges and tube with epoxy finish.
c. Buna-nitrile seals.
d. [Stainless-steel] [Steel] bolts, washers, and nuts.
e. Factory-installed anode for steel-body couplings installed underground.

2.2 PIPING SPECIALTIES

A. Appliance Flexible Connectors:
1. Indoor, Fixed-Appliance Flexible Connectors:  Comply with ANSI Z21.24.
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2. Indoor, Movable-Appliance Flexible Connectors:  Comply with ANSI Z21.69.
3. Outdoor, Appliance Flexible Connectors: Comply with ANSI Z21.75.
4. Corrugated stainless-steel tubing with polymer coating.
5. Operating-Pressure Rating: 0.5 psig (3.45 kPa).
6. End Fittings:  Zinc-coated steel.
7. Threaded Ends:  Comply with ASME B1.20.1.
8. Maximum Length:  72 inches (1830 mm.)

B. Quick-Disconnect Devices: Comply with ANSI Z21.41.
1. Copper-alloy convenience outlet and matching plug connector.
2. Nitrile seals.
3. Hand operated with automatic shutoff when disconnected.
4. For indoor or outdoor applications.
5. Adjustable, retractable restraining cable.

C. Y-Pattern Strainers:
1. Body:  ASTM A 126, Class B, cast iron with bolted cover and bottom drain connection.
2. End Connections: Threaded ends for NPS 2 (DN 50) and smaller; flanged ends for NPS

2-1/2 (DN 65) and larger.
3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 percent

free area.
4. CWP Rating:  125 psig (862 kPa).

D. Basket Strainers:
1. Body:  ASTM A 126, Class B, high-tensile cast iron with bolted cover and bottom drain connection.
2. End Connections: Threaded ends for NPS 2 (DN 50) and smaller; flanged ends for NPS

2-1/2 (DN 65) and larger.
3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 50 percent

free area.
4. CWP Rating:  125 psig (862 kPa).

E. T-Pattern Strainers:
1. Body:  Ductile or malleable iron with removable access coupling and end cap for strainer

maintenance.
2. End Connections:  Grooved ends.
3. Strainer Screen:  40-mesh startup strainer, and perforated stainless-steel basket with 57 percent

free area.
4. CWP Rating:  750 psig (5170 kPa).

F. Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-resistant wire screen, with
free area at least equal to cross-sectional area of connecting pipe and threaded-end connection.

2.3 JOINING MATERIALS

A. Joint Compound and Tape: Suitable for natural gas.

B. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.
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C. Brazing Filler Metals: Alloy with melting point greater than 1000 deg F (540 deg C) complying with AWS
A5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are prohibited.

2.4 MANUAL GAS SHUTOFF VALVES

A. See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve
Schedule" Articles for where each valve type is applied in various services.

B. General  Requirements  for  Metallic  Valves,  NPS 2  (DN 50)  and  Smaller: Comply  with
ASME B16.33.
1. CWP Rating:  150 psig (1035 kPa).
2. Threaded Ends:  Comply with ASME B1.20.1.
3. Dryseal Threads on Flare Ends:  Comply with ASME B1.20.3.
4. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas Shutoff

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
5. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for valves 1

inch (25 mm) and smaller.
6. Service Mark: Valves  1-1/4  inches  (32  mm)  to  NPS 2  (DN 50)  shall  have initials

"WOG" permanently marked on valve body.

C. General Requirements for Metallic Valves, NPS 2-1/2 (DN 65) and Larger: Comply with
ASME B16.38.
1. CWP Rating:  150 psig (1035 kPa).
2. Flanged Ends:  Comply with ASME B16.5 for steel flanges.
3. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas Shutoff

Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
4. Service Mark:  Initials "WOG" shall be permanently marked on valve body.

D. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  MSS SP-110.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. BrassCraft Manufacturing Company; a Masco company.
b. Conbraco Industries, Inc.; Apollo Div.
c. Lyall, R. W. & Company, Inc.
d. McDonald, A. Y. Mfg. Co.
e. Perfection Corporation; a subsidiary of American Meter Company.

2. Body:  Bronze, complying with ASTM B 584.
3. Ball:  Chrome-plated bronze.
4. Stem:  Bronze; blowout proof.
5. Seats:  Reinforced TFE; blowout proof.
6. Packing:  Threaded-body packnut design with adjustable-stem packing.
7. Ends:   Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff Valve

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
8. CWP Rating:  600 psig (4140 kPa).
9. Listing:   Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.
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E. Three-Piece, Full-Port Bronze Ball Valves with Bronze Trim:  MSS SP-110.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. BrassCraft Manufacturing Company; a Masco company.
b. Conbraco Industries, Inc.; Apollo Div.
c. Lyall, R. W. & Company, Inc.
d. McDonald, A. Y. Mfg. Co.
e. Perfection Corporation; a subsidiary of American Meter Company.

2. Body:  Bronze, complying with ASTM B 584.
3. Ball:  Chrome-plated bronze.
4. Stem:  Bronze; blowout proof.
5. Seats:  Reinforced TFE; blowout proof.
6. Packing:  Threaded-body packnut design with adjustable-stem packing.
7. Ends:   Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff Valve

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
8. CWP Rating:  600 psig (4140 kPa).
9. Listing:   Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

F. Bronze Plug Valves: MSS SP-78.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Lee Brass Company.
b. McDonald, A. Y. Mfg. Co.
c. Perfection Corporation; a subsidiary of American Meter Company.
d. Conbraco Industries, Inc.; Apollo Div.

2. Body:  Bronze, complying with ASTM B 584.
3. Plug:  Bronze.
4. Ends:  Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff Valve

Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
5. Operator:  Square head or lug type with tamperproof feature where indicated.
6. Pressure Class: 125 psig (862 kPa).
7. Listing:   Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
8. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

G. Cast-Iron, Nonlubricated Plug Valves: MSS SP-78.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. McDonald, A. Y. Mfg. Co.
b. Mueller Co.; Gas Products Div.
c. Xomox Corporation; a Crane company.

2. Body:  Cast iron, complying with ASTM A 126, Class B.
3. Plug:  Bronze or nickel-plated cast iron.
4. Seat:  Coated with thermoplastic.
5. Stem Seal:  Compatible with natural gas.
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6. Ends:   Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule"
and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.

7. Operator:  Square head or lug type with tamperproof feature where indicated.
8. Pressure Class: 125 psig (862 kPa).
9. Listing:   Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

H. Cast-Iron, Lubricated Plug Valves: MSS SP-78.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Flowserve.
b. Homestead Valve; a division of Olson Technologies, Inc.
c. McDonald, A. Y. Mfg. Co.
d. Milliken Valve Company.
e. Mueller Co.; Gas Products Div.
f. R&M Energy Systems, A Unit of Robbins & Myers, Inc.

2. Body:  Cast iron, complying with ASTM A 126, Class B.
3. Plug:  Bronze or nickel-plated cast iron.
4. Seat:  Coated with thermoplastic.
5. Stem Seal:  Compatible with natural gas.
6. Ends:   Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule"

and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
7. Operator:  Square head or lug type with tamperproof feature where indicated.
8. Pressure Class: 125 psig (862 kPa).
9. Listing:   Valves NPS 1 (DN 25) and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

I. PE Ball Valves: Comply with ASME B16.40.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Kerotest Manufacturing Corp.
b. Lyall, R. W. & Company, Inc.
c. Perfection Corporation; a subsidiary of American Meter Company.

2. Body:  PE.
3. Ball:  PE.
4. Stem:  Acetal.
5. Seats and Seals:  Nitrile.
6. Ends:  Plain or fusible to match piping.
7. CWP Rating:  80 psig (552 kPa).
8. Operating Temperature:  Minus 20 to plus 140 deg F (Minus 29 to plus 60 deg C).
9. Operator:  Nut or flat head for key operation.
10. Include plastic valve extension.
11. Include tamperproof locking feature for valves where indicated on Drawings.

J. Valve Boxes:
1. Cast-iron, two-section box.
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2. Top section with cover with "GAS" lettering.
3. Bottom section with base to fit over valve and barrel a minimum of 5 inches (125 mm) in diameter.
4. Adjustable cast-iron extensions of length required for depth of bury.
5. Include tee-handle, steel operating wrench with socket end fitting valve nut or flat head, and with

stem of length required to operate valve.

2.5 MOTORIZED GAS VALVES

A. Automatic Gas Valves:  Comply with ANSI Z21.21.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. ASCO Power Technologies, LP; Division of Emerson.
b. Dungs, Karl, Inc.
c. Eaton Corporation; Controls Div.
d. Eclipse Combustion, Inc.
e. Honeywell International Inc.
f. Johnson Controls.

2. Body:  Brass or aluminum.
3. Seats and Disc:  Nitrile rubber.
4. Springs and Valve Trim:  Stainless steel.
5. Normally closed.
6. Visual position indicator.
7. [Electrical] [Mechanical] operator for actuation by appliance automatic shutoff device.

B. Electrically Operated Valves:  Comply with UL 429.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. ASCO Power Technologies, LP; Division of Emerson.
b. Dungs, Karl, Inc.
c. Eclipse Combustion, Inc.
d. Goyen Valve Corp.; Tyco Environmental Systems.
e. Magnatrol Valve Corporation.
f. Parker Hannifin Corporation; Climate & Industrial Controls Group; Skinner Valve Div.
g. Watts Regulator Co.; Division of Watts Water Technologies, Inc.

2. Pilot operated.
3. Body:  Brass or aluminum.
4. Seats and Disc:  Nitrile rubber.
5. Springs and Valve Trim:  Stainless steel.
6. 120-V ac, 60 Hz, Class B, continuous-duty molded coil, and replaceable.
7. NEMA ICS 6, Type 4, coil enclosure.
8. Normally closed.
9. Visual position indicator.

2.6 EARTHQUAKE VALVES

A. Earthquake Valves:  Comply with ASCE 25.
1. Manufacturers: Subject  to  compliance  with  requirements,  provide  products  by  the

following:
a. Vanguard Valves, Inc.
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2. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction.
3. Maximum Operating Pressure: 5 psig (34.5 kPa).
4. Cast-aluminum body with nickel-plated chrome steel internal parts.
5. Nitrile-rubber valve washer.
6. Sight windows for visual indication of valve position.
7. Threaded end connections complying with ASME B1.20.1.
8. Wall mounting bracket with bubble level indicator.

B. Earthquake Valves:  Comply with ASCE 25.
1. Manufacturers: Subject  to  compliance  with  requirements,  provide  products  by  the

following:
2. Pacific Seismic Products, Inc.
3. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction.
4. Maximum Operating Pressure:   [0.5 psig (3.45 kPa)] [7 psig (48 kPa)] [60 psig (414 kPa)].
5. Cast-aluminum body with stainless-steel internal parts.
6. Nitrile-rubber, reset-stem o-ring seal.
7. Valve position, open or closed, indicator.
8. Composition valve seat with clapper held by spring or magnet locking mechanism.
9. Level indicator.
10. End Connections:  Threaded for valves NPS 2 (DN 50) and smaller; flanged for valves NPS 2-1/2

(DN 65) and larger.

2.7 PRESSURE REGULATORS

A. General Requirements:
1. Single stage and suitable for natural gas.
2. Steel jacket and corrosion-resistant components.
3. Elevation compensator.
4. End Connections: Threaded for regulators NPS 2 (DN 50) and smaller; flanged for regulators

NPS 2-1/2 (DN 65) and larger.

B. Service Pressure Regulators:  Comply with ANSI Z21.80.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Actaris.
b. American Meter Company.
c. Fisher Control Valves and Regulators; Division of Emerson Process Management.
d. Invensys.
e. Richards Industries; Jordan Valve Div.

2. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
3. Springs: Zinc-plated steel; interchangeable.
4. Diaphragm Plate:  Zinc-plated steel.
5. Seat Disc:   Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
6. Orifice:  Aluminum; interchangeable.
7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
8. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet,

and no pressure sensing piping external to the regulator.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

FACILITY NATURAL-GAS PIPING 22 1122 - 12

9. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150
percent of design discharge pressure at shutoff.

10. Overpressure Protection Device:  Factory mounted on pressure regulator.
11. Atmospheric Vent:   Factory- or field-installed, stainless-steel screen in opening if not connected to

vent piping.
12. Maximum Inlet Pressure: 100 psig (690 kPa).

C. Line Pressure Regulators: Comply with ANSI Z21.80.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Actaris.
b. American Meter Company.
c. Eclipse Combustion, Inc.
d. Fisher Control Valves and Regulators; Division of Emerson Process Management.
e. Invensys.
f. Maxitrol Company.
g. Richards Industries; Jordan Valve Div.

2. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
3. Springs: Zinc-plated steel; interchangeable.
4. Diaphragm Plate:  Zinc-plated steel.
5. Seat Disc:   Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
6. Orifice:  Aluminum; interchangeable.
7. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
8. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet,

and no pressure sensing piping external to the regulator.
9. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150

percent of design discharge pressure at shutoff.
10. Overpressure Protection Device:  Factory mounted on pressure regulator.
11. Atmospheric Vent:   Factory- or field-installed, stainless-steel screen in opening if not connected to

vent piping.
12. Maximum Inlet Pressure: [2 psig (13.8 kPa)] [5 psig (34.5 kPa)] [10 psig (69 kPa)].

D. Appliance Pressure Regulators: Comply with ANSI Z21.18.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Canadian Meter Company Inc.
b. Eaton Corporation; Controls Div.
c. Harper Wyman Co.
d. Maxitrol Company.
e. SCP, Inc.

2. Body and Diaphragm Case:  Die-cast aluminum.
3. Springs: Zinc-plated steel; interchangeable.
4. Diaphragm Plate:  Zinc-plated steel.
5. Seat Disc:  Nitrile rubber.
6. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
7. Factory-Applied Finish: Minimum three-layer polyester and polyurethane paint finish.
8. Regulator may include vent limiting device, instead of vent connection, if approved by authorities

having jurisdiction.
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9. Maximum Inlet Pressure: [1 psig (6.9 kPa)] [2 psig (13.8 kPa)] [5 psig (34.5 kPa)].

2.8 SERVICE METERS

A. Diaphragm-Type Service Meters:  Comply with [ANSI B109.1] [ANSI B109.2].
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Actaris.
b. American Meter Company.
c. Invensys.

2. Case:  Die-cast aluminum.
3. Connections:  Steel threads.
4. Diaphragm:  Synthetic fabric.
5. Diaphragm Support Bearings:  Self-lubricating.
6. Compensation:  Continuous temperature[ and pressure].
7. Meter Index: [Cubic feet] [Liters] [Cubic feet and liters].
8. Meter Case and Index: Tamper resistant.
9. Remote meter reader compatible.
10. Maximum Inlet Pressure: 100 psig (690 kPa).
11. Pressure Loss:  Maximum [0.5-inch wg (124 Pa)] [2.0-inch wg (498 Pa)].
12. Accuracy:  Maximum plus or minus 1.0 percent.

B. Rotary-Type Service Meters:  Comply with ANSI B109.3.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. American Meter Company.
b. Invensys.

2. Case:  Extruded aluminum.
3. Connection:  Flange.
4. Impellers: Polished aluminum.
5. Rotor Bearings:  Self-lubricating.
6. Compensation:  Continuous temperature[ and pressure].
7. Meter Index: [Cubic feet] [Liters] [Cubic feet and liters].
8. Tamper resistant.
9. Remote meter reader compatible.
10. Maximum Inlet Pressure: 100 psig (690 kPa).
11. Accuracy:  Maximum plus or minus 2.0 percent.

C. Turbine Meters:  Comply with ASME MFC-4M.
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. American Meter Company.
b. Invensys.

2. Housing:  Cast iron or welded steel.
3. Connection Threads or Flanges:  Steel.
4. Turbine:  Aluminum or plastic.
5. Turbine Bearings:  Self-lubricating.
6. Compensation:  Continuous temperature[ and pressure].
7. Meter Index: [Cubic feet] [Liters] [Cubic feet and liters].
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8. Tamper resistant.
9. Remote meter reader compatible.
10. Maximum Inlet Pressure: 100 psig (690 kPa).
11. Accuracy:  Maximum plus or minus 2.0 percent.

D. Service-Meter Bars:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Actaris.
b. American Meter Company.
c. Lyall, R. W. & Company, Inc.
d. McDonald, A. Y. Mfg. Co.
e. Mueller Co.; Gas Products Div.
f. Perfection Corporation; a subsidiary of American Meter Company.

2. Malleable- or cast-iron frame for supporting service meter.
3. Include offset swivel pipes, meter nuts with o-ring seal, and factory- or field-installed dielectric

unions.
4. Omit meter offset swivel pipes if service-meter bar dimensions match service-meter connections.

E. Service-Meter Bypass Fittings:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Lyall, R. W. & Company, Inc.
b. Williamson, T. D., Inc.

2. Ferrous, tee, pipe fitting with capped side inlet for temporary natural-gas supply.
3. Integral ball-check bypass valve.

2.9 DIELECTRIC FITTINGS

A. General  Requirements: Assembly  of  copper  alloy  and  ferrous  materials  with  separating
nonconductive insulating material.  Include end connections compatible with pipes to be joined.

B. Dielectric Unions:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Capitol Manufacturing Company.
b. Central Plastics Company.
c. Hart Industries International, Inc.
d. Jomar International Ltd.
e. Matco-Norca, Inc.
f. McDonald, A. Y. Mfg. Co.
g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
h. Wilkins; a Zurn company.

2. Description:
a. Standard:  ASSE 1079.
b. Pressure Rating:  [125 psig (860 kPa) minimum at 180 deg F (82 deg C)] [150 psig (1035

kPa)] [250 psig (1725 kPa)].
c. End Connections:  Solder-joint copper alloy and threaded ferrous.

C. Dielectric Flanges:
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1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
a. Capitol Manufacturing Company.
b. Central Plastics Company.
c. Matco-Norca, Inc.
d. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
e. Wilkins; a Zurn company.

2. Description:
a. Standard:  ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.
c. Pressure Rating:  [125 psig (860 kPa) minimum at 180 deg F (82 deg C)] [150 psig (1035

kPa)] [175 psig (1200 kPa)] [300 psig (2070 kPa)].
d. End Connections:  Solder-joint copper alloy and threaded ferrous; threaded solder- joint

copper alloy and threaded ferrous.

D. Dielectric-Flange Insulating Kits:
1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:

a. Advance Products & Systems, Inc.
b. Calpico, Inc.
c. Central Plastics Company.
d. Pipeline Seal and Insulator, Inc.

2. Description:
a. Nonconducting materials for field assembly of companion flanges.
b. Pressure Rating:  150 psig (1035 kPa).
c. Gasket:  Neoprene or phenolic.
d. Bolt Sleeves:  Phenolic or polyethylene.
e. Washers:  Phenolic with steel backing washers.

2.10 LABELING AND IDENTIFYING

A. Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape manufactured for marking and
identifying underground utilities, a minimum of 6 inches (150 mm) wide and 4 mils (0.1 mm) thick,
continuously inscribed with a description of utility, with metallic core encased in a protective jacket for
corrosion protection, detectable by metal detector when tape is buried up to 30 inches (750 mm) deep;
colored yellow.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping connections before
equipment installation.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Close equipment shutoff valves before turning off natural gas to premises or piping section.
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B. Inspect natural-gas piping according to [NFPA 54] [the International Fuel Gas Code] to determine that
natural-gas utilization devices are turned off in piping section affected.

C. Comply with [NFPA 54] [the International Fuel Gas Code] requirements for prevention of accidental
ignition.

3.3 OUTDOOR PIPING INSTALLATION

A. Comply with [NFPA 54]  for installation and purging of natural-gas piping.

B. Install underground, natural-gas piping buried at least 36 inches (900 mm) below finished grade. Comply
with requirements in Section 312000 "Earth Moving" for excavating, trenching, and backfilling.
1. If natural-gas piping is installed less than 36 inches (900 mm) below finished grade, install it in

containment conduit.

C. Install underground, PE, natural-gas piping according to ASTM D 2774.

D. Steel Piping with Protective Coating:
1. Apply joint cover kits to pipe after joining to cover, seal, and protect joints.
2. Replace pipe having damaged PE coating with new pipe.

E. Install fittings for changes in direction and branch connections.

F. Install pressure gage upstream and downstream from each service regulator. Pressure gages are
specified in Section 230519 "Meters and Gages for HVAC Piping."

3.4 INDOOR PIPING INSTALLATION

A. Comply with [NFPA 54] for installation and purging of natural-gas piping.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.
Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and
other design considerations. Install piping as indicated unless deviations to layout are approved on
Coordination Drawings.

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure  during progress of
construction, to allow for mechanical installations.

D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and
service areas.

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or
parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

G. Locate valves for easy access.

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
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I. Install piping free of sags and bends.

J. Install fittings for changes in direction and branch connections.

K. Verify final equipment locations for roughing-in.

L. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in
requirements.

M. Drips and Sediment Traps: Install drips at points where condensate may collect, including service-meter
outlets. Locate where accessible to permit cleaning and emptying. Do not install where condensate is
subject to freezing.
1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped. Use

nipple a minimum length of 3 pipe diameters, but not less than 3 inches (75 mm) long and same
size as connected pipe. Install with space below bottom of drip to remove plug or cap.

N. Extend relief vent connections for service regulators, line regulators, and overpressure protection devices
to outdoors and terminate with weatherproof vent cap.

O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or floors, and
in floor channels unless indicated to be exposed to view.

P. Concealed Location Installations: Except as specified below, install concealed natural-gas piping and
piping installed under the building in containment conduit constructed of steel pipe with welded joints as
described in Part 2. Install a vent pipe from containment conduit to outdoors and terminate with
weatherproof vent cap.
1. Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators may be installed in

accessible spaces without containment conduit.
2. In Floors: Install natural-gas piping with welded or brazed joints and protective coating in

cast-in-place concrete floors. Cover piping to be cast in concrete slabs with minimum of 1-1/2
inches (38 mm) of concrete. Piping may not be in physical contact with other metallic structures
such as reinforcing rods or electrically neutral conductors. Do not embed piping in concrete slabs
containing quick-set additives or cinder aggregate.

3. In Floor Channels: Install natural-gas piping in floor channels. Channels must have cover and be
open to space above cover for ventilation.

4. In Walls or Partitions:   Protect tubing installed inside partitions or hollow walls from physical
damage using steel striker barriers at rigid supports.
a. Exception: Tubing passing through partitions or walls does not require striker barriers.

5. Prohibited Locations:
a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash chutes,

chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator shafts.
b. Do not install natural-gas piping in solid walls or partitions.

Q. Use eccentric reducer fittings to make reductions in pipe sizes.  Install fittings with level side down.

R. Connect branch piping from top or side of horizontal piping.
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S. Install unions in pipes NPS 2 (DN 50) and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

T. Do not use natural-gas piping as grounding electrode.

U. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated valve.

V. Install pressure gage upstream and downstream from each line regulator.  Pressure gages are specified
in Section 230519 "Meters and Gages for HVAC Piping."

W. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements for sleeves
specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

X. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with requirements for
sleeve seals specified in Section 230517 "Sleeves and Sleeve Seals for HVAC Piping."

Y. Install  escutcheons  for  piping  penetrations  of  walls,  ceilings,  and  floors. Comply  with
requirements for escutcheons specified in Section 230518 "Escutcheons for HVAC Piping."

3.5 SERVICE-METER ASSEMBLY INSTALLATION

A. Install service-meter assemblies aboveground[, on concrete bases].

B. Install metal shutoff valves upstream from service regulators.  Shutoff valves are not required at second
regulators if two regulators are installed in series.

C. Install strainer on inlet of service-pressure regulator and meter set.

D. Install service regulators mounted outside with vent outlet horizontal or facing down.  Install screen in
vent outlet if not integral with service regulator.

E. Install metal shutoff valves upstream from service meters.  Install dielectric fittings downstream from
service meters.

F. Install service meters downstream from pressure regulators.

G. Install metal bollards to protect meter assemblies.  Comply with requirements in Section 055000 "Metal
Fabrications" for pipe bollards.

3.6 VALVE INSTALLATION

A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel tubing,
aluminum, or copper connector.

B. Install underground valves with valve boxes.

C. Install regulators and overpressure protection devices with maintenance access space adequate for
servicing and testing.

D. Install earthquake valves aboveground outside buildings according to listing.
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E. Install anode for metallic valves in underground PE piping.

3.7 PIPING JOINT CONSTRUCTION

A. Ream ends of pipes and tubes and remove burrs.

B. Remove  scale,  slag,  dirt,  and  debris  from  inside  and  outside  of  pipe  and  fittings  before
assembly.

C. Threaded Joints:
1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
2. Cut threads full and clean using sharp dies.
3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
4. Apply  appropriate  tape  or  thread  compound  to  external  pipe  threads  unless  dryseal

threading is specified.
5. Damaged Threads:   Do not use pipe or pipe fittings with threads that are corroded or damaged. 

Do not use pipe sections that have cracked or open welds.

D. Welded Joints:
1. Construct  joints  according  to  AWS D10.12/D10.12M,  using  qualified  processes  and welding

operators.
2. Bevel plain ends of steel pipe.
3. Patch factory-applied protective coating as recommended by manufacturer at field welds and where

damage to coating occurs during construction.

E. Brazed Joints:   Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter.

F. Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas service. 
Install gasket concentrically positioned.

G. Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare dimensions
complying with SAE J513. Tighten finger tight, then use wrench. Do not overtighten.

H. PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or paper towels.
Join according to ASTM D 2657.
1. Plain-End Pipe and Fittings:  Use butt fusion.
2. Plain-End Pipe and Socket Fittings:  Use socket fusion.

3.8 HANGER AND SUPPORT INSTALLATION

A. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices specified in
Section 230548 "Vibration and Seismic Controls for HVAC  Piping  and Equipment."

B. Comply with requirements for pipe hangers and supports specified in Section 230529 "Hangers and
Supports for HVAC Piping and Equipment."

C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod sizes:
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1. NPS 1 (DN 25) and Smaller:  Maximum span, 96 inches (2438 mm); minimum rod size, 3/8 inch (10
mm).

2. NPS 1-1/4 (DN 32):  Maximum span, 108 inches (2743 mm); minimum rod size, 3/8 inch (10 mm).
3. NPS 1-1/2 and NPS 2 (DN 40 and DN 50):   Maximum span, 108 inches (2743 mm); minimum rod

size, 3/8 inch (10 mm).
4. NPS 2-1/2 to NPS 3-1/2 (DN 65 to DN 90):  Maximum span, 10 feet (3 m); minimum rod size, 1/2

inch (13 mm).
5. NPS 4 (DN 100) and Larger:  Maximum span, 10 feet (3 m); minimum rod size, 5/8 inch (15.8 mm).

D. Install hangers for horizontal, corrugated stainless-steel tubing with the following maximum spacing and
minimum rod sizes:
1. NPS 3/8 (DN 10):  Maximum span, 48 inches (1220 mm); minimum rod size, 3/8 inch (10 mm).
2. NPS 1/2 (DN 15):  Maximum span, 72 inches (1830 mm); minimum rod size, 3/8 inch (10 mm).
3. NPS 3/4 (DN 20) and Larger:  Maximum span, 96 inches (2440 mm); minimum rod size, 3/8 inch

(10 mm).

3.9 CONNECTIONS

A. Connect to utility's gas main according to utility's procedures and requirements.

B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment grounding
conductor of the circuit powering the appliance according to NFPA 70.

C. Install piping adjacent to appliances to allow service and maintenance of appliances.

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within 72 inches
(1800 mm) of each gas-fired appliance and equipment. Install union between valve and appliances or
equipment.

E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as practical to inlet
of each appliance.

3.10 LABELING AND IDENTIFYING

A. Comply with requirements in Section 230553 "Identification for HVAC Piping and Equipment" for piping
and valve identification.

B. Install detectable warning tape directly above gas piping, 12 inches (300 mm) below finished grade,
except 6 inches (150 mm) below subgrade under pavements and slabs.

3.11 PAINTING

A. Comply with requirements in Section 099113 "Exterior Painting" and Section 099123 "Interior Painting"
for painting interior and exterior natural-gas piping.

B. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars,
earthquake valves, and piping specialties, except components, with factory-applied paint or protective
coating.
1. Alkyd System:  MPI EXT 5.1D.
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a. Prime Coat: Alkyd anticorrosive metal primer.
b. Intermediate Coat:  Exterior alkyd enamel matching topcoat.
c. Topcoat:  Exterior alkyd enamel [(flat)] [(semigloss)] [(gloss)].
d. Color:  Comply with [NFPA 54] [the International Fuel Gas Code].

C. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars,
earthquake valves, and piping specialties, except components, with factory-applied paint or protective
coating.
1. Latex Over Alkyd Primer System:  MPI INT 5.1Q.

a. Prime Coat: [Alkyd anticorrosive] [Quick-drying alkyd] metal primer.
b. Intermediate Coat:  Interior latex matching topcoat.
c. Topcoat:   Interior latex [(flat)] [(low sheen)] [(eggshell)] [(satin)] [(semigloss)] [(gloss)].
d. Color:  Comply with [NFPA 54] [the International Fuel Gas Code].

2. Alkyd System:  MPI INT 5.1E.
a. Prime Coat: [Alkyd anticorrosive] [Quick-drying alkyd] metal primer.
b. Intermediate Coat:  Interior alkyd matching topcoat.
c. Topcoat:  Interior alkyd [(flat)] [(eggshell)] [(semigloss)] [(gloss)].
d. Color:  Comply with [NFPA 54] [the International Fuel Gas Code].

D. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and by
procedures to match original factory finish.

3.12 CONCRETE BASES

A. Concrete Bases:  Anchor equipment to concrete base[ according to seismic codes at Project].
1. Construct concrete bases of dimensions indicated, but not less than 4 inches (100 mm) larger in

both directions than supported unit.
2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install

dowel rods on 18-inch (450-mm) centers around the full perimeter of the base.
3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and

anchor into structural concrete floor.
4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings,

templates, diagrams, instructions, and directions furnished with items to be embedded.
5. Install anchor bolts to elevations required for proper attachment to supported equipment.
6. Use 3000-psig (20.7-MPa), 28-day, compressive-strength concrete and reinforcement as specified

in [Section 033000 "Cast-in-Place Concrete."] [Section 033053 "Miscellaneous Cast-in-Place
Concrete."]

3.13 FIELD QUALITY CONTROL

A. Perform tests and inspections.

B. Tests and Inspections:
1. Test, inspect, and purge natural gas according to [NFPA 54] [the International Fuel Gas Code] and

authorities having jurisdiction.

C. Natural-gas piping will be considered defective if it does not pass tests and inspections.
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D. Prepare test and inspection reports.

3.14 DEMONSTRATION

A. Engage  a  factory-authorized  service  representative  to  train  Cleveland  Clinic  maintenance personnel
to adjust, operate, and maintain earthquake valves.

3.15 OUTDOOR PIPING SCHEDULE

A. Underground natural-gas piping shall be one of the following:
1. PE pipe and fittings joined by heat fusion, or mechanical couplings; service-line risers with tracer

wire terminated in an accessible location.
2. Steel pipe with wrought-steel fittings and welded joints, or mechanical couplings. Wrap and coat

pipe and fittings with protective coating for steel piping.
3. [Annealed] [Drawn]-temper copper tube with wrought-copper fittings and brazed joints. Coat and

sleave pipe and fittings with protective coating for copper tubing.

B. Aboveground natural-gas piping shall be one of the following:
1. Steel  pipe  with  malleable-iron  fittings  and  threaded  joints.  Paint  with  corrosion prevention

paint.
2. Steel pipe with wrought-steel fittings and welded joints. Paint with corrosion prevention paint.
3. [Annealed] [Drawn]-temper copper tube with wrought-copper fittings and brazed or flared joints.

Provide damage prevention fencing around piping.

C. Branch Piping in Cast-in-Place Concrete to Single Appliance: Annealed-temper copper tube with
wrought-copper fittings and [brazed] [flared] joints. Install piping embedded in concrete with no joints in
concrete.

D. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and fittings with
protective coating for steel piping.

3.16 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG (3.45 KPA)

A. Aboveground, branch piping NPS 1 (DN 25) and smaller limited to specialty equipment shall be one of
the following:
1. Corrugated stainless-steel tubing with mechanical fittings having socket or threaded ends to match

adjacent piping.
2. Annealed-temper, copper tube with wrought-copper fittings and [brazed] [flared] joints.
3. Steel pipe with malleable-iron fittings and threaded joints.

B. Aboveground, distribution piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

C. Underground, below building, piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.
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D. Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat pipe and fittings with
protective coating for steel piping.

E. Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded or wrought-steel
fittings with welded joints. Coat underground pipe and fittings with protective coating for steel piping.

3.17 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 0.5 PSIG (3.45 KPA) AND LESS
THAN 5 PSIG (34.5 KPA)

A. Aboveground, branch piping NPS 1 (DN 25) and smaller shall be one of the following:
1. Corrugated stainless-steel tubing with mechanical fittings having socket or threaded ends to match

adjacent piping.
2. Annealed-temper, copper tube with wrought-copper fittings and [brazed] [flared] joints.
3. Steel pipe with malleable-iron fittings and threaded joints.

B. Aboveground, distribution piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with steel welding fittings and welded joints.

C. Underground, below building, piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

D. Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat underground pipe and
fittings with protective coating for steel piping.

E. Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded or wrought-steel
fittings with welded joints. Coat underground pipe and fittings with protective coating for steel piping.

3.18 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 5 PSIG (34.5 KPA)

A. Aboveground Piping: Maximum operating pressure more than 5 psig (34.5 kPa).

B. Aboveground, Branch Piping:  Steel pipe with steel welding fittings and welded joints.

C. Aboveground, distribution piping shall be one of the following:
1. Steel pipe with steel welding fittings and welded joints.
2. Drawn-temper copper tube with wrought-copper fittings and brazed joints.

D. Underground, below building, piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

E. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and fittings with
protective coating for steel piping.

F. Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded or wrought-steel
fittings with welded joints. Coat underground pipe and fittings with protective coating for steel piping.
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3.19 UNDERGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE

A. Connections to Existing Gas Piping:  Use valve and fitting assemblies made for tapping utility's gas mains
and listed by an NRTL.

B. Underground:
1. PE valves.
2. NPS 2 (DN 50) and Smaller:  Bronze plug valves.
3. NPS 2-1/2 (DN 65) and Larger:  Cast-iron, [lubricated] [nonlubricated] plug valves.

3.20 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE

A. Valves for pipe sizes NPS 2 (DN 50) and smaller at service meter shall be one of the following:
1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.
3. Bronze plug valve.

B. Valves  for  pipe  sizes  NPS 2-1/2  (DN 65)  and  larger  at  service  meter  shall  be one  of  the
following:
1. Two-piece, full-port, bronze ball valves with bronze trim.
2. Bronze plug valve.
3. Cast-iron, nonlubricated plug valve.

C. Distribution  piping  valves  for  pipe  sizes  NPS 2  (DN 50)  and  smaller  shall  be one  of  the following:
1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.
3. Bronze plug valve.

D. Distribution piping valves for pipe sizes NPS 2-1/2 (DN 65) and larger shall be one of the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.
2. Bronze plug valve.
3. Cast-iron, [nonlubricated] [lubricated] plug valve.

E. Valves in branch piping for single appliance shall be one of the following:
1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.
3. Bronze plug valve.

END OF SECTION
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      221313-1 FACILITY SANITARY SEWERS 

SECTION 221313 
FACILITY SANITARY SEWERS 

 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 SUMMARY 

A. Section Includes: 

1. Hub-and-spigot, cast-iron soil pipe and fittings. 
2. Hubless cast-iron soil pipe and fittings. 
3. Nonpressure-type transition couplings. 
4. Pressure-type pipe couplings. 
5. Expansion joints and deflection fittings. 
6. Cleanouts. 
7. Encasement for piping. 
8. Manholes. 
9. Concrete. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Shop Drawings: For manholes. Include plans, elevations, sections, details, and frames and covers. 

1.4 INFORMATIONAL SUBMITTALS 

A. Coordination Drawings: 

1. Show system piping in profile. Draw profiles to horizontal scale of not less than 1 inch equals 
50 feet and to vertical scale of not less than 1 inch equals 5 feet. Indicate manholes and 
piping. Show types, sizes, materials, and elevations of other utilities crossing system piping. 

B. Product Certificates: For each type of pipe and fitting. 

C. Field quality-control reports. 
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PART 2 - PRODUCTS 

2.1 PVC PIPE AND FITTINGS 

A. PVC Type PSM Sewer Piping: 

1. Pipe: ASTM D3034, SDR 35, PVC Type PSM sewer pipe with bell-and-spigot ends for 
gasketed joints. 

2. Fittings: ASTM D3034, PVC with bell ends. 
3. Gaskets: ASTM F477, elastomeric seals. 

2.2 NONPRESSURE-TYPE TRANSITION COUPLINGS 

A. Comply with ASTM C1173, elastomeric, sleeve-type, reducing or transition coupling; for joining 
underground nonpressure piping. Include ends of same sizes as piping to be joined and include 
corrosion-resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 
1. For Plastic Pipes: ASTM F477, elastomeric seal or ASTM D5926, PVC. 
2. For Dissimilar Pipes: ASTM D5926, PVC or other material compatible with pipe materials 

being joined. 

C. Unshielded, Flexible Couplings: 

1. Description: Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-metal 
tension band and tightening mechanism on each end. 

D. Ring-Type, Flexible Couplings: 

1. Description: Elastomeric compression seal with dimensions to fit inside bell of larger pipe 
and for spigot of smaller pipe to fit inside ring. 

E. Nonpressure-Type, Rigid Couplings: 

1. Description: ASTM C1461, sleeve-type, reducing- or transition-type mechanical coupling; 
molded from ASTM C1440, TPE material; with corrosion-resistant-metal tension band and 
tightening mechanism on each end. 

2.3 CLEANOUTS 

A. Cast-Iron Cleanouts: 

1. Description: ASME A112.36.2M, round, gray-iron housing with clamping device and round, 
secured, scoriated, gray-iron cover. Include gray-iron ferrule with inside calk or spigot 
connection and countersunk, tapered-thread, brass closure plug. 

2. Top-Loading Classification(s):  Light Duty and Heavy Duty. 
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3. Sewer Pipe Fitting and Riser to Cleanout: ASTM A74, Service class, cast-iron soil pipe and 
fittings. 

2.4 MANHOLES 

A. Standard Precast Concrete Manholes: 

1. Description: ASTM C478, precast, reinforced concrete, of depth indicated, with provision for 
sealant joints. 

2. Diameter: 48 inches minimum unless otherwise indicated. 
3. Ballast: Increase thickness of precast concrete sections or add concrete to base section, as 

required to prevent flotation. 
4. Base Section: 6-inch minimum thickness for floor slab and 4-inch minimum thickness for 

walls and base riser section; with separate base slab or base section with integral floor. 
5. Riser Sections: 4-inch minimum thickness, of length to provide depth indicated. 
6. Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type is indicated; 

with top of cone of size that matches grade rings. 
7. Joint Sealant: ASTM C990, bitumen or butyl rubber. 
8. Resilient Pipe Connectors: ASTM C923, cast or fitted into manhole walls, for each pipe 

connection. 
9. Steps:  Individual FRP steps or FRP ladder; wide enough to allow worker to place both feet 

on one step and designed to prevent lateral slippage off step. Cast or anchor steps into 
sidewalls at 12- to 16-inch intervals. Omit steps if total depth from floor of manhole to 
finished grade is less than 60 inches. 

10. Adjusting Rings: Interlocking HDPE rings, with level or sloped edge in thickness and 
diameter matching manhole frame and cover, and with height as required to adjust manhole 
frame and cover to indicated elevation and slope. Include sealant recommended by ring 
manufacturer. 

11. Grade Rings: Reinforced-concrete rings, 6- to 9-inch total thickness, with diameter matching 
manhole frame and cover, and with height as required to adjust manhole frame and cover to 
indicated elevation and slope. 

B. Manhole Frames and Covers: 

1. Description: Ferrous; 24-inch ID by 7- to 9-inch riser, with 4-inch-minimum-width flange 
and 26-inch-diameter cover. Include indented top design with lettering cast into cover, using 
wording equivalent to "SANITARY SEWER." 

2. Material:  ASTM A536, Grade 60-40-18 ductile iron unless otherwise indicated. 

2.5 CONCRETE 

A. General: Cast-in-place concrete complying with ACI 318, ACI 350, and the following: 

1. Cement: ASTM C150/C150M, Type II. 
2. Fine Aggregate: ASTM C33/C33M, sand. 
3. Coarse Aggregate: ASTM C33/C33M, crushed gravel. 
4. Water: Potable. 
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B. Portland Cement Design Mix: 4000 psi minimum, with 0.45 maximum water/cementitious materials 
ratio. 

1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain. 
2. Reinforcing Bars: ASTM A615/A615M, Grade 60 deformed steel. 

C. Manhole Channels and Benches: Factory or field formed from concrete. Portland cement design 
mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio. Include channels 
and benches in manholes. 

1. Channels: Concrete invert, formed to same width as connected piping, with height of vertical 
sides to three-fourths of pipe diameter. Form curved channels with smooth, uniform radius 
and slope. 

a. Invert Slope:  2 percent through manhole. 

2. Benches: Concrete, sloped to drain into channel. 

a. Slope:  4 percent. 

D. Ballast and Pipe Supports: Portland cement design mix, 3000 psi minimum, with 0.58 maximum 
water/cementitious materials ratio. 

1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain. 
2. Reinforcing Bars: ASTM A615/A615M, Grade 60 deformed steel. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavating, trenching, and backfilling are specified in Section 312000 "Earth Moving." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements: Drawing plans and details to indicate general location and 
arrangement of underground sanitary sewer piping. Location and arrangement of piping layout take 
into account design considerations. Install piping as indicated, to extent practical. Where specific 
installation is not indicated, follow piping manufacturer's written instructions. 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals, sleeves, and 
couplings according to manufacturer's written instructions for using lubricants, cements, and other 
installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated. Use fittings for branch 
connections unless direct tap into existing sewer is indicated. 
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D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes and 
fittings are connected. Reducing size of piping in direction of flow is prohibited. 

E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-jacking 
process of microtunneling. 

F. Install gravity-flow, nonpressure, drainage piping according to the following: 

1. Install piping pitched down in direction of flow, at minimum slope of 1 percent unless 
otherwise indicated. 

2. Install piping NPS 6 and larger with restrained joints at tee fittings and at changes in 
direction. Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary restraint 
system, or cast-in-place-concrete supports or anchors. 

3. Install piping with 36-inch minimum cover. 
4. Install PVC Type PSM sewer piping according to ASTM D2321 and ASTM F1668. 

G. Clear interior of piping and manholes of dirt and superfluous material as work progresses. Maintain 
swab or drag in piping, and pull past each joint as it is completed. Place plug in end of incomplete 
piping at end of day and when work stops. 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure, drainage piping according to the following: 
1. Join PVC Type PSM sewer piping according to ASTM D2321 and ASTM D3034 for 

elastomeric-seal joints or ASTM D3034 for elastomeric-gasket joints. 
2. Join dissimilar pipe materials with nonpressure-type, flexible couplings. 

B. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal to piping 
rating may be used in applications below unless otherwise indicated. 

1. Use nonpressure flexible couplings where required to join gravity-flow, nonpressure sewer 
piping unless otherwise indicated. 

a. Unshielded flexible couplings for pipes of same or slightly different OD. 
b. Unshielded, increaser/reducer-pattern, flexible couplings for pipes with different OD. 

3.4 MANHOLE INSTALLATION 

A. General: Install manholes complete with appurtenances and accessories indicated. 

B. Install precast concrete manhole sections with sealants according to ASTM C891. 

C. Form continuous concrete channels and benches between inlets and outlet. 

D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements. Set 
tops 3 inches above finished surface elsewhere unless otherwise indicated. 
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3.5 CONCRETE PLACEMENT 

A. Place cast-in-place concrete according to ACI 318. 

3.6 CLEANOUT INSTALLATION 

A. Install cleanouts and riser extensions from sewer pipes to cleanouts at grade. Use cast-iron soil pipe 
fittings in sewer pipes at branches for cleanouts, and use cast-iron soil pipe for riser extensions to 
cleanouts. Install piping so cleanouts open in direction of flow in sewer pipe. 

1. Use Light-Duty, top-loading classification cleanouts in earth or unpaved foot-traffic areas. 
2. Use Heavy-Duty, top-loading classification cleanouts in vehicle-traffic service areas. 

B. Set cleanout frames and covers in earth in cast-in-place-concrete block, 18 by 18 by 12 inches deep. 
Set with tops 1 inch above surrounding grade. 

C. Set cleanout frames and covers in concrete pavement and roads with tops flush with pavement 
surface. 

3.7 CONNECTIONS 

A. Make connections to existing piping and underground manholes. 

1. Use commercially manufactured wye fittings for piping branch connections. Remove section 
of existing pipe, install wye fitting into existing piping, and encase entire wye fitting plus 6-
inch overlap with not less than 6 inches of concrete with 28-day compressive strength of 3000 
psi. 

2. Make branch connections from side into existing piping, NPS 4 to NPS 20. Remove section 
of existing pipe, install wye fitting into existing piping, and encase entire wye with not less 
than 6 inches of concrete with 28-day compressive strength of 3000 psi. 

3. Make branch connections from side into existing piping, NPS 21 or larger, or to underground 
manholes by cutting opening into existing unit large enough to allow 3 inches of concrete to 
be packed around entering connection. Cut end of connection pipe passing through pipe or 
structure wall to conform to shape of, and be flush with, inside wall unless otherwise 
indicated. On outside of pipe or manhole wall, encase entering connection in 6 inches of 
concrete for minimum length of 12 inches to provide additional support of collar from 
connection to undisturbed ground. 

a. Use concrete that will attain a minimum 28-day compressive strength of 3000 psi 
unless otherwise indicated. 

b. Use epoxy-bonding compound as interface between new and existing concrete and 
piping materials. 

4. Protect existing piping and manholes to prevent concrete or debris from entering while 
making tap connections. Remove debris or other extraneous material that may accumulate. 
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3.8 CLOSING ABANDONED SANITARY SEWER SYSTEMS 

A. Abandoned Piping: Close open ends of abandoned underground piping indicated to remain in place. 
Include closures strong enough to withstand hydrostatic and earth pressures that may result after 
ends of abandoned piping have been closed. Use either procedure below: 

1. Close open ends of piping with at least 8-inch- thick, brick masonry bulkheads. 
2. Close open ends of piping with threaded metal caps, plastic plugs, or other acceptable 

methods suitable for size and type of material being closed. Do not use wood plugs. 

B. Abandoned Manholes: Excavate around manhole as required and use either procedure below: 

1. Remove manhole and close open ends of remaining piping. 
2. Remove top of manhole down to at least 36 inches below final grade. Fill to within 12 inches 

of top with stone, rubble, gravel, or compacted dirt. Fill to top with concrete. 

C. Backfill to grade according to Section 312000 "Earth Moving." 

3.9 IDENTIFICATION 

A. Comply with requirements in Section 312000 "Earth Moving" for underground utility identification 
devices. Arrange for installation of green warning tapes directly over piping and at outside edges of 
underground manholes. 

1. Use warning tape or detectable warning tape over ferrous piping. 
2. Use detectable warning tape over nonferrous piping and over edges of underground 

manholes. 

3.10 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has occurred. 
Inspect after approximately 24 inches of backfill is in place, and again at completion of Project. 

1. Submit separate report for each system inspection. 
2. Defects requiring correction include the following: 

a. Alignment: Less than full diameter of inside of pipe is visible between structures. 
b. Deflection: Flexible piping with deflection that prevents passage of ball or cylinder of 

size not less than 92.5 percent of piping diameter. 
c. Damage: Crushed, broken, cracked, or otherwise damaged piping. 
d. Infiltration: Water leakage into piping. 
e. Exfiltration: Water leakage from or around piping. 

3. Replace defective piping using new materials, and repeat inspections until defects are within 
allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or repaired, 
for leaks and defects. 
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1. Do not enclose, cover, or put into service before inspection and approval. 
2. Test completed piping systems according to requirements of authorities having jurisdiction. 
3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' 

advance notice. 
4. Submit separate report for each test. 
5. Hydrostatic Tests: Test sanitary sewerage according to requirements of authorities having 

jurisdiction and the following: 

a. Fill sewer piping with water. Test with pressure of at least 10-foot head of water, and 
maintain such pressure without leakage for at least 15 minutes. 

b. Close openings in system and fill with water. 
c. Purge air and refill with water. 
d. Disconnect water supply. 
e. Test and inspect joints for leaks. 

6. Manholes: Perform hydraulic test according to ASTM C969. 

C. Leaks and loss in test pressure constitute defects that must be repaired. 

D. Replace leaking piping using new materials, and repeat testing until leakage is within allowances 
specified. 

 
END OF SECTION 221313 
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SECTION 22 1316 - SANITARY WASTE AND VENT PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following soil and waste, sanitary drainage and vent piping inside the building:
1. Pipe, tube, and fittings.
2. Special pipe fittings.

B. See Division 22 Section "Chemical-Waste Systems for Laboratory and Healthcare Facilities" for
chemical-waste and vent piping systems.

1.2 PERFORMANCE REQUIREMENTS

A. Components and installation shall be capable of withstanding the following minimum working pressure,
unless otherwise indicated:
1. Soil, Waste, and Vent Piping: 10-foot head of water.

1.3 QUALITY ASSURANCE

A. Piping materials shall bear label, stamp, or other markings of specified testing agency.

B. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic piping
components.  Include marking with "NSF-dwv" for plastic drain, waste, and vent piping; and "NSF-drain"
for plastic drain piping.

PART 2 - PRODUCTS

2.1 PIPING MATERIALS

A. Hub-and-Spigot, Cast-Iron Pipe and Fittings: ASTM A 74, Service class.
1. Gaskets: ASTM C 564, rubber.

B. Hubless Cast-Iron Pipe and Fittings: ASTM A 888 or CISPI 301.
1. Sovent Stack Fittings: ASME B16.45 or ASSE 1043, hubless, cast-iron aerator and deaerator

drainage fittings.
2. Shielded Couplings: ASTM C 1277 assembly of metal shield or housing, corrosion- resistant

fasteners, and rubber sleeve with integral, center pipe stop.
a. Standard, Shielded, Stainless-Steel Couplings: CISPI 310, with stainless-steel corrugated

shield; stainless-steel bands and tightening devices; and ASTM C 564, rubber sleeve.
b. Heavy-Duty, Shielded, Stainless-Steel Couplings: With stainless-steel shield, stainless-steel

bands and tightening devices, and ASTM C 564, rubber sleeve.

C. Steel Pipe:  ASTM A 53/A 53M, Type E or S, Grade A or B, Schedule 40, galvanized.  Include ends
matching joining method.
1. Drainage Fittings: ASME B16.12, galvanized, threaded, cast-iron drainage pattern.
2. Pressure Fittings:

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

SANITARY WASTE AND VENT PIPING 22 1316 - 2

a. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or ASTM A 106, Schedule 40,
galvanized, seamless steel pipe. Include ends matching joining method.

b. Malleable-Iron Unions: ASME B16.39; Class 150; hexagonal-stock body with ball-and-socket,
metal-to-metal, bronze seating surface; and female threaded ends.

c. Gray-Iron, Threaded Fittings: ASME B16.4, Class 125, galvanized, standard pattern.
d. Cast-Iron Flanges: ASME B16.1, Class 125.
e. Cast-Iron, Flanged Fittings: ASME B16.1, Class 125, galvanized.

D. Copper DWV Tube: ASTM B 306, drainage tube, drawn temper.
1. Copper Drainage Fittings: ASME B16.23,  cast  copper  or  ASME B16.29,  wrought-

copper, solder-joint fittings.

E. Solid-Wall ABS Pipe: ASTM D 2661, Schedule 40, solid wall.
1. ABS Socket Fittings:   ASTM D 2661, made to ASTM D 3311, drain, waste, and vent patterns.
2. Solvent Cement and Adhesive Primer:

a. Use ABS solvent cement that has a VOC content of 325 g/L or less when calculated according
to 40 CFR 59, Subpart D (EPA Method 24).

b. Use adhesive primer that has a VOC content of 550 g/L or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

F. Solid-Wall PVC Pipe: ASTM D 2665, solid-wall drain, waste, and vent.
1. PVC Socket Fittings:  ASTM D 2665, socket type, made to ASTM D 3311, drain, waste, and vent

patterns.
2. Solvent Cement and Adhesive Primer:

a. Use  PVC  solvent  cement  that  has  a  VOC  content  of  510  g/L  or  less  when calculated
according to 40 CFR 59, Subpart D (EPA Method 24).

b. Use adhesive primer that has a VOC content of 550 g/L or less when calculated according to
40 CFR 59, Subpart D (EPA Method 24).

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Special pipe fittings with pressure ratings at least equal to piping pressure ratings may be used in
applications below, unless otherwise indicated.

B. Flanges and unions may be used on aboveground pressure piping, unless otherwise indicated.

C. Aboveground, soil, waste, and vent piping NPS 4 and smaller shall beany of the following:
1. Service class, hub-and-spigot, cast-iron soil pipe and fittings; gaskets; and compression joints.
2. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel couplings; and

hubless-coupling joints.
3. Steel pipe, drainage fittings, and threaded joints.
4. Copper DWV tube, copper drainage fittings, and soldered joints.
5. Solid-wall ABS pipe, ABS socket fittings, and solvent-cemented joints.
6. Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints.

D. Aboveground, soil, waste, and vent piping NPS 5 and larger shall beany of the following:
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1. Service class, cast-iron soil pipe and fittings; gaskets; and compression joints.
2. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel couplings; and

hubless-coupling joints.
3. Steel pipe, drainage fittings, and threaded joints.
4. Copper DWV tube, copper drainage fittings, and soldered joints.
5. Solid-wall ABS pipe, ABS socket fittings, and solvent-cemented joints.
6. Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints.

E. Underground, soil, waste, and vent piping NPS 4 and smaller shall be any of the following:
1. Service class, hub-and-spigot, cast-iron soil pipe and fittings; gaskets; and compression joints.
2. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel couplings; and

hubless-coupling joints.
3. Solid-wall ABS pipe, ABS socket fittings, and solvent-cemented joints.
4. Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints.

F. Underground, soil and waste Piping NPS 5 and larger shall be any of the following:
1. Service class, cast-iron soil pipe and fittings; gaskets; and compression joints.
2. Hubless cast-iron soil pipe and fittings; standard, shielded, stainless-steel couplings; and

hubless-coupling joints.
3. ABS pipe, ABS socket fittings, and solvent-cemented joints.
4. Solid-wall ABS pipe, ABS socket fittings, and solvent-cemented joints.
5. Solid-wall PVC pipe, PVC socket fittings, and solvent-cemented joints.

3.2 PIPING INSTALLATION

A. Sanitary sewer piping outside the building is specified in Division 22 Section "Facility Sanitary Sewers."

B. Basic piping installation requirements are specified in Division 22 Section "Common Work Results for
Plumbing."

C. Install cleanouts at grade and extend to where building sanitary drains connect to building sanitary
sewers.

D. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe penetration
through foundation wall. Select number of interlocking rubber links required to make installation
watertight. Sleeves and mechanical sleeve seals are specified in Division 22 Section "Common Work
Results for Plumbing."

E. Install wall penetration system at each service pipe penetration through foundation wall. Make installation
watertight. Wall penetration systems are specified in Division 22 Section "Common Work Results for
Plumbing."

F. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook," Chapter IV,
"Installation of Cast Iron Soil Pipe and Fittings."

G. Make changes in direction for soil and waste drainage and vent piping using appropriate branches,
bends, and long-sweep bends. Sanitary tees and short-sweep 1/4 bends may be used on vertical stacks
if change in direction of flow is from horizontal to vertical. Use long-turn, double Y-branch and 1/8-bend
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fittings if 2 fixtures are installed back to back or side by side with common drain pipe. Straight tees,
elbows, and crosses may be used on vent lines. Do not change direction of flow more than 90 degrees.
Use proper size of standard increasers and reducers if pipes of different sizes are connected. Reducing
size of drainage piping in direction of flow is prohibited.

H. Lay buried building drainage piping beginning at low point of each system. Install true to grades and
alignment indicated, with unbroken continuity of invert. Place hub ends of piping upstream. Install
required gaskets according to manufacturer's written instructions for use of lubricants, cements, and
other installation requirements. Maintain swab in piping and pull past each joint as completed.

I. Install soil  and  waste  drainage  and  vent  piping at  the  following  minimum slopes,  unless otherwise
indicated:
1. Building Sanitary Drain:  2 percent downward in direction of flow for piping NPS 3 and smaller; 1

percent downward in direction of flow for piping NPS 4 and larger.
2. Horizontal Sanitary Drainage Piping: 2 percent downward in direction of flow.
3. Vent Piping: 1 percent down toward vertical fixture vent or toward vent stack.

J. Sleeves are not required for cast-iron soil piping passing through concrete slabs-on-grade if slab is
without membrane waterproofing.

K. Install ABS soil and waste drainage and vent piping according to ASTM D 2661.

L. Install PVC soil and waste drainage and vent piping according to ASTM D 2665.

M. Install underground ABS and PVC soil and waste drainage piping according to ASTM D 2321.

N. Do not enclose, cover, or put piping into operation until it is inspected and approved by authorities having
jurisdiction.

3.3 JOINT CONSTRUCTION

A. Basic piping joint construction requirements are specified in Division 22 Section "Common Work Results
for Plumbing."

B. Cast-Iron, Soil-Piping Joints: Make joints according to CISPI's "Cast Iron Soil Pipe and Fittings
Handbook," Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."
1. Gasketed Joints: Make with rubber gasket matching class of pipe and fittings.
2. Hubless Joints: Make with rubber gasket and sleeve or clamp.

C. Soldered Joints: Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free- alloy solder;
and ASTM B 828 procedure, unless otherwise indicated.

D. PVC Nonpressure Piping Joints: Join piping according to ASTM D 2665.

3.4 VALVE INSTALLATION

A. General-duty valves are specified in Division 22 Section "General-Duty Valves for Plumbing Piping."

B. Shutoff Valves: Install shutoff valve on each sewage pump discharge.
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1. Use gate or full-port ball valve for piping NPS 2 and smaller.
2. Use gate valve for piping NPS 2-1/2 and larger.

C. Check Valves:   Install swing check valve, downstream from shutoff valve, on each sewage pump
discharge.

D. Backwater Valves: Install backwater valves in piping subject to sewage backflow.
1. Horizontal  Piping: Horizontal  backwater  valves. Use  normally  closed  type,  unless

otherwise indicated.
2. Floor Drains: Drain outlet backwater valves, unless drain has integral backwater valve.
3. Install backwater valves in accessible locations.
4. Backwater  valves  are   specified  in   Division 22  Section  "Sanitary   Waste  Piping Specialties."

3.5 HANGER AND SUPPORT INSTALLATION

A. Seismic-restraint devices are specified in Division 22 Section "Vibration and Seismic Controls for
Plumbing Piping and Equipment."

B. Pipe hangers and supports are specified in Division 22 Section "Hangers and Supports for Plumbing
Piping and Equipment." Install the following:
1. Vertical Piping: MSS Type 8 or Type 42, clamps.
2. Individual, Straight, Horizontal Piping Runs: According to the following:

a. 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
b. Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.
c. Longer Than 100 Feet, if Indicated: MSS Type 49, spring cushion rolls.

3. Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44, pipe rolls. Support
pipe rolls on trapeze.

4. Base of Vertical Piping: MSS Type 52, spring hangers.

C. Install supports according to Division 22 Section "Hangers and Supports for Plumbing Piping and
Equipment."

D. Support vertical piping and tubing at base and at each floor.

E. Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch minimum rods.

F. Install hangers for cast-iron soil piping with the following maximum horizontal spacing and minimum rod
diameters:
1. NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod.
2. NPS 3: 60 inches with 1/2-inch rod.
3. NPS 4 and NPS 5: 60 inches with 5/8-inch rod.
4. NPS 6: 60 inches with 3/4-inch rod.
5. Spacing for 10-foot lengths may be increased to 10 feet. Spacing for fittings is limited to 60 inches.

G. Install supports for vertical cast-iron soil piping every 15 feet.

H. Install hangers for steel piping with the following maximum horizontal spacing and minimum rod
diameters:
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1. NPS 1-1/4: 84 inches with 3/8-inch rod.
2. NPS 1-1/2: 108 inches with 3/8-inch rod.
3. NPS 2: 10 feet with 3/8-inch rod.
4. NPS 2-1/2: 11 feet with 1/2-inch rod.
5. NPS 3: 12 feet with 1/2-inch rod.
6. NPS 4 and NPS 5: 12 feet with 5/8-inch rod.
7. NPS 6: 12 feet with 3/4-inch rod.

I. Install supports for vertical steel piping every 15 feet.

J. Install hangers for copper tubing with the following maximum horizontal spacing and minimum rod
diameters:
1. NPS 1-1/4: 72 inches with 3/8-inch rod.
2. NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod.
3. NPS 2-1/2: 108 inches with 1/2-inch rod.
4. NPS 3 to NPS 5: 10 feet with 1/2-inch rod.
5. NPS 6: 10 feet with 5/8-inch rod.

K. Install supports for vertical copper tubing every 10 feet.

L. Install hangers for ABS and PVC piping with the following maximum horizontal spacing and minimum rod
diameters:
1. NPS 1-1/2 and NPS 2: 48 inches with 3/8-inch rod.
2. NPS 3: 48 inches with 1/2-inch rod.
3. NPS 4 and NPS 5: 48 inches with 5/8-inch rod.
4. NPS 6: 48 inches with 3/4-inch rod.

M. Install supports for vertical ABS and PVC piping every 48 inches.

N. Support piping and tubing not listed above according to MSS SP-69 and manufacturer's written
instructions.

3.6 CONNECTIONS

A. Connect soil and waste piping to exterior sanitary sewerage piping. Use transition fitting to join dissimilar
piping materials.

B. Connect drainage and vent piping to the following:
1. Plumbing Fixtures: Connect drainage piping in sizes indicated, but not smaller than required by

plumbing code. Refer to Division 22 Section "Sanitary Waste Piping Specialties."
2. Plumbing Fixtures and Equipment:  Connect atmospheric vent piping in sizes indicated, but not

smaller than required by authorities having jurisdiction.
3. Plumbing Specialties: Connect drainage and vent piping in sizes indicated, but not smaller than

required by plumbing code. Refer to Division 22 Section "Sanitary Waste Piping Specialties."
4. Equipment: Connect drainage piping as indicated. Provide shutoff valve, if indicated, and union for

each connection. Use flanges instead of unions for connections NPS 2-1/2 and larger.
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3.7 FIELD QUALITY CONTROL

A. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be made.
Perform tests specified below in presence of authorities having jurisdiction.
1. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing-in after

roughing-in and before setting fixtures.
2. Final Inspection: Arrange  for final  inspection by  authorities  having  jurisdiction to observe

tests specified below and to ensure compliance with requirements.

B. Reinspection:  If authorities having jurisdiction find that piping will not pass test or inspection, make
required corrections and arrange for reinspection.

C. Reports: Prepare inspection reports and have them signed by authorities having jurisdiction.

D. Test  sanitary  drainage  and  vent  piping  according  to  procedures  of  authorities  having jurisdiction.
1. Repair leaks and defects with new materials and retest piping, or portion thereof, until satisfactory

results are obtained.
2. Prepare reports for tests and required corrective action.

3.8 CLEANING

A. Clean interior of piping. Remove dirt and debris as work progresses.

B. Protect drains during remainder of construction period to avoid clogging with dirt and debris and to
prevent damage from traffic and construction work.

C. Place plugs in ends of uncompleted piping at end of day and when work stops.

3.9 PROTECTION

A. Exposed ABS and PVC Piping:  Protect plumbing vents exposed to sunlight with two coats of
water-based latex paint.

END OF SECTION
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SECTION 22 1319 - SANITARY WASTE PIPING SPECIALTIES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following sanitary drainage piping specialties:
1. Backwater valves.
2. Cleanouts.
3. Floor drains.
4. Roof flashing assemblies.
5. Miscellaneous sanitary drainage piping specialties.
6. Flashing materials.
7. Grease interceptors.

1.2 SUBMITTALS

A. Product  Data: For  each  type  of  product  indicated. Include  rated  capacities,  operating
characteristics, and accessories for grease interceptors.

1.3 QUALITY ASSURANCE

A. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.

PART 2 - PRODUCTS

2.1 BACKWATER VALVES

A. Horizontal, Cast-Iron Backwater Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Josam Company; Josam Div.
b. MIFAB, Inc.
c. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
d. Tyler Pipe; Wade Div.
e. Watts Drainage Products Inc.
f. Zurn Plumbing Products Group; Specification Drainage Operation.

4. Standard: ASME A112.14.1.
5. Size: Same as connected piping.
6. Body: Cast iron.
7. Cover: Cast iron with bolted or threaded access check valve.
8. End Connections: Hub and spigot.
9. Type  Check  Valve: Removable,  bronze,  swing  check,  factory  assembled  or  field modified

to hang open for airflow unless subject to backflow condition.
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10. Extension:  ASTM A 74, Service class; full-size, cast-iron, soil-pipe extension to field- installed
cleanout at floor; replaces backwater valve cover.

B. Drain-Outlet Backwater Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Josam Company; Josam Div.
b. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
c. Watts Drainage Products Inc.
d. Zurn Plumbing Products Group; Specification Drainage Operation.

3. Size: Same as floor drain outlet.
4. Body: Cast iron or bronze made for vertical installation in bottom outlet of floor drain.
5. Check Valve: Removable ball float.
6. Inlet: Threaded.
7. Outlet: Threaded or spigot.

2.2 CLEANOUTS

A. Exposed Cast-Iron Cleanouts:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Josam Company; Josam Div.
b. MIFAB, Inc.
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
d. Tyler Pipe; Wade Div.
e. Watts Drainage Products Inc.
f. Zurn Plumbing Products Group; Specification Drainage Operation.

4. Standard: ASME A112.36.2M for cast iron for cleanout test tee.
5. Size: Same as connected drainage piping
6. Body Material: Hub-and-spigot,  cast-iron  soil  pipe  T-branch  as  required  to  match

connected piping.
7. Closure: Countersunk or raised-head, brass plug.
8. Closure Plug Size: Same as or not more than one size smaller than cleanout size.

B. Cast-Iron Floor Cleanouts:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Josam Company; Josam Div.
b. Oatey.
c. Sioux Chief Manufacturing Company, Inc.
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d. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
e. Tyler Pipe; Wade Div.
f. Watts Drainage Products Inc.
g. Zurn Plumbing Products Group; Light Commercial Operation.
h. Zurn Plumbing Products Group; Specification Drainage Operation.

4. Standard: ASME A112.36.2M for threaded, adjustable housing cleanout.
5. Size: Same as connected branch.
6. Type: Threaded, adjustable housing.
7. Body or Ferrule: Cast iron.
8. Clamping Device: Required.
9. Outlet Connection: Spigot.
10. Closure: Brass plug with straight threads and gasket.
11. Adjustable Housing Material: Cast iron with threads.
12. Frame and Cover Material and Finish: Nickel-bronze, copper alloy.
13. Frame and Cover Shape: Round or Square as per drawings.
14. Top Loading Classification: Extra Heavy Duty.
15. Riser: ASTM A 74,  Extra-Heavy  class,  cast-iron  drainage  pipe  fitting  and  riser  to

cleanout.

C. Cast-Iron Wall Cleanouts:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Josam Company; Josam Div.
b. MIFAB, Inc.
c. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
d. Tyler Pipe; Wade Div.
e. Watts Drainage Products Inc.
f. Zurn Plumbing Products Group; Specification Drainage Operation.

4. Standard: ASME A112.36.2M. Include wall access.
5. Size: Same as connected drainage piping.
6. Body: Hub-and-spigot, cast-iron soil pipe T-branch as required to match connected piping.
7. Closure: Countersunk or raised-head, drilled-and-threaded brass plug.
8. Closure Plug Size: Same as or not more than one size smaller than cleanout size.
9. Wall Access: Round, flat, chrome-plated brass or stainless-steel cover plate with screw.
10. Wall Access: Round or Square as per drawings, nickel-bronze, copper-alloy, or stainless- steel

wall-installation frame and cover.

2.3 FLOOR DRAINS

A. Cast-Iron Floor Drains:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
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3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated
on Drawings or a comparable product by one of the following:
a. Commercial Enameling Co.
b. Josam Company; Josam Div.
c. MIFAB, Inc.
d. Prier Products, Inc.
e. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
f. Tyler Pipe; Wade Div.
g. Watts Drainage Products Inc.
h. Zurn Plumbing Products Group; Light Commercial Operation.
i. Zurn Plumbing Products Group; Specification Drainage Operation.

4. Standard: ASME A112.6.3 with backwater valve.
5. Pattern: Area drain.
6. Body Material: Gray iron.
7. Seepage Flange: Not required.
8. Anchor Flange: Required.
9. Clamping Device: Required.
10. Outlet: Bottom or side.
11. Backwater Valve: Integral, ASME A112.14.1, swing-check type.
12. Coating on Interior and Exposed Exterior Surfaces: Not required.
13. Sediment Bucket: Insert description.
14. Top or Strainer Material: Bronze.
15. Top of Body and Strainer Finish: Rough bronze.
16. Top Shape: Round or Square as per drawings.
17. Top Loading Classification: Extra Heavy-Duty.
18. Funnel: Not required.
19. Inlet Fitting:  Gray iron, with threaded inlet and threaded or spigot outlet, and trap-seal primer valve

connection.
20. Trap Material: Bronze.
21. Trap Pattern: Standard P-trap.
22. Trap Features: Cleanout and trap-seal primer valve drain connection.

2.4 ROOF FLASHING ASSEMBLIES

A. Roof Flashing Assemblies:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Acorn Engineering Company; Elmdor/Stoneman Div.
b. Thaler Metal Industries Ltd.

B. Description: Manufactured assembly made of 6.0-lb/sq. ft., 0.0938-inch- thick, lead flashing collar and
skirt extending at least 6 inches from pipe, with galvanized-steel boot reinforcement and counterflashing
fitting.
1. Open-Top Vent Cap: Without cap.
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2. Low-Silhouette Vent Cap: With vandal-proof vent cap.
3. Extended Vent Cap: With field-installed, vandal-proof vent cap.

2.5 MISCELLANEOUS SANITARY DRAINAGE PIPING SPECIALTIES

A. Open Drains:
1. Description: Shop or field fabricate from ASTM A 74, Service class, hub-and-spigot, cast-iron,

soil-pipe fittings. Include P-trap, hub-and-spigot riser section; and where required, increaser fitting
joined with ASTM C 564, rubber gaskets.

2. Size: Same as connected waste piping with increaser fitting of size indicated.

B. Deep-Seal Traps:
1. Description: Cast-iron or bronze casting, with inlet and outlet matching connected piping and

cleanout trap-seal primer valve connection.
2. Size: Same as connected waste piping.

a. NPS 2: 4-inch- minimum water seal.
b. NPS 2-1/2 and Larger: 5-inch- minimum water seal.

C. Floor-Drain, Trap-Seal Primer Fittings:
1. Description:  Cast iron, with threaded inlet and threaded or spigot outlet, and trap-seal primer valve

connection.
2. Size: Same as floor drain outlet with NPS 1/2 side inlet.

D. Air-Gap Fittings:
1. Standard:  ASME A112.1.2, for fitting designed to ensure fixed, positive air gap between installed

inlet and outlet piping.
2. Body: Bronze or cast iron.
3. Inlet: Opening in top of body.
4. Outlet: Larger than inlet.
5. Size: Same as connected waste piping and with inlet large enough for associated indirect waste

piping.

E. Sleeve Flashing Device:
1. Description: Manufactured, cast-iron fitting, with clamping device, that forms sleeve for pipe floor

penetrations of floor membrane. Include galvanized-steel pipe extension in top of fitting that will
extend 1 inch above finished floor and galvanized-steel pipe extension in bottom of fitting that will
extend through floor slab.

2. Size: As required for close fit to riser or stack piping.

F. Stack Flashing Fittings:
1. Description:  Counterflashing-type, cast-iron fitting, with bottom recess for terminating roof

membrane, and with threaded or hub top for extending vent pipe.
2. Size: Same as connected stack vent or vent stack.

G. Vent Caps:
1. Description: Cast-iron body with threaded or hub inlet and vandal-proof design. Include vented

hood and setscrews to secure to vent pipe.
2. Size: Same as connected stack vent or vent stack.
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2.6 FLASHING MATERIALS

A. Lead Sheet: ASTM B 749, Type L51121, copper bearing, with the following minimum weights and
thicknesses, unless otherwise indicated:
1. General Use: 4.0-lb/sq. ft., 0.0625-inch thickness.
2. Vent Pipe Flashing: 3.0-lb/sq. ft., 0.0469-inch thickness.
3. Burning: 6-lb/sq. ft., 0.0938-inch thickness.

B. Fasteners: Metal compatible with material and substrate being fastened.

C. Metal Accessories:  Sheet metal strips, clamps, anchoring devices, and similar accessory units required
for installation; matching or compatible with material being installed.

D. Solder: ASTM B 32, lead-free alloy.

E. Bituminous Coating: SSPC-Paint 12, solvent-type, bituminous mastic.

2.7 GREASE INTERCEPTORS

A. Grease Interceptors:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product: Subject to compliance with requirements, provide the product indicated on

Drawings or a comparable product by one of the following:
a. Applied Chemical Technology, Incorporated.
b. Josam Company; Josam Div.
c. MIFAB, Inc.
d. Rockford Sanitary Systems, Inc.
e. Schier Products Company.
f. Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
g. Tyler Pipe; Wade Div.
h. Watts Drainage Products Inc.
i. Zurn Plumbing Products Group; Light Commercial Operation.
j. Zurn Plumbing Products Group; Specification Drainage Operation.
k. Ashland Trap Distribution Co.
l. Bio-Microbics, Inc.
m. Canplas LLC.
n. Schier Products Company.
o. Zurn Plumbing Products Group; Light Commercial Operation.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Refer to Division 22 Section "Common Work Results for Plumbing" for piping joining materials, joint
construction, and basic installation requirements.
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B. Install backwater valves in building drain piping. For interior installation, provide cleanout deck plate flush
with floor and centered over backwater valve cover, and of adequate size to remove valve cover for
servicing.

C. Install cleanouts in aboveground piping and building drain piping according to the following, unless
otherwise indicated:
1. Size same as drainage piping up to NPS 4. Use NPS 4 for larger drainage piping unless larger

cleanout is indicated.
2. Locate at each change in direction of piping greater than 45 degrees.
3. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet for larger piping.
4. Locate at base of each vertical soil and waste stack.

D. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished floor.

E. For  cleanouts  located  in  concealed  piping,  install  cleanout  wall  access  covers,  of  types indicated,
with frame and cover flush with finished wall.

F. Install floor drains at low points of surface areas to be drained.  Set grates of drains flush with finished
floor, unless otherwise indicated.
1. Position floor drains for easy access and maintenance.
2. Set floor drains below elevation of surrounding finished floor to allow floor drainage. Set with grates

depressed according to the following drainage area radii:
a. Radius, 30 Inches or Less: Equivalent to 1 percent slope, but not less than 1/4-inch total

depression.
b. Radius, 30 to 60 Inches: Equivalent to 1 percent slope.
c. Radius, 60 Inches or Larger:  Equivalent to 1 percent slope, but not greater than 1- inch total

depression.
3. Install floor-drain flashing collar or flange so no leakage occurs between drain and adjoining

flooring. Maintain integrity of waterproof membranes where penetrated.
4. Install individual  traps  for  floor  drains  connected  to  sanitary  building  drain,  unless otherwise

indicated.

G. Install roof flashing assemblies on sanitary stack vents and vent stacks that extend through roof.

H. Install flashing fittings on sanitary stack vents and vent stacks that extend through roof.

I. Assemble open drain fittings and install with top of hub 1 inch above floor.

J. Install deep-seal traps on floor drains and other waste outlets, if indicated.

K. Install floor-drain, trap-seal primer fittings on inlet to floor drains that require trap-seal primer connection.
1. Exception: Fitting may be omitted if trap has trap-seal primer connection.
2. Size: Same as floor drain inlet.

L. Install  air-gap  fittings  on  draining-type  backflow  preventers  and  on  indirect-waste  piping discharge
into sanitary drainage system.

M. Install sleeve flashing device with each riser and stack passing through floors with waterproof membrane.
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N. Install vent caps on each vent pipe passing through roof.

O. Install grease interceptors, including trapping, venting, and flow-control fitting, according to authorities
having jurisdiction and with clear space for servicing.
1. Above-Floor Installation: Set  unit  with  bottom  resting  on  floor,  unless  otherwise indicated.
2. Flush with Floor Installation:  Set unit and extension, if required, with cover flush with finished floor.
3. Recessed Floor Installation: Set  unit  in  receiver  housing  having  bottom  or  cradle

supports, with receiver housing cover flush with finished floor.
4. Install cleanout immediately downstream from interceptors not having integral cleanout on outlet.

P. Install traps on plumbing specialty drain outlets.  Omit traps on indirect wastes unless trap is indicated.

Q. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and within
cabinets and millwork. Use deep-pattern escutcheons if required to conceal protruding pipe fittings.

3.2 CONNECTIONS

A. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate general
arrangement of piping, fittings, and specialties.

B. Install piping adjacent to equipment to allow service and maintenance.

C. Grease Interceptors:  Connect inlet and outlet to unit, and connect flow-control fitting and vent to unit inlet
piping. Install valve on outlet of automatic drawoff-type unit.

3.3 FLASHING INSTALLATION

A. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are required.
Join flashing according to the following if required:
1. Lead Sheets:  Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness or thicker. Solder joints

of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or thinner.

B. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and roofs
with waterproof membrane.
1. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 10 inches, and skirt or

flange extending at least 8 inches around pipe.
2. Sleeve Flashing: Flat sheet, with skirt or flange extending at least 8 inches around sleeve.
3. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 8 inches around

specialty.

C. Set flashing on floors and roofs in solid coating of bituminous cement.

D. Secure flashing into sleeve and specialty clamping ring or device.

E. Install flashing for piping passing through roofs with counterflashing or commercially made flashing
fittings, according to Division 07 Section "Sheet Metal Flashing and Trim."
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F. Extend flashing up vent pipe passing through roofs and turn down into pipe, or secure flashing into
cast-iron sleeve having calking recess.

3.4 LABELING AND IDENTIFYING

A. Equipment Nameplates and Signs: Install engraved plastic-laminate equipment nameplate or sign on or
near each grease interceptor.

3.5 PROTECTION

A. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to prevent
damage from traffic or construction work.

3.6 PLACE PLUGS IN ENDS OF UNCOMPLETED PIPING AT END OF EACH DAY OR WHEN WORK STOPS.

END OF SECTION
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SECTION 22 1320 - UNDERGROUND PROTECTED STEEL GRAVITY BASED OIL/SAND
INTERCEPTOR

PART 1 – GENERAL

1.1 SCOPE

A. This section describes requirements for providing a single walled, protected steel underground gravity
based Oil/Sand Interceptor.

B. The Oil/Sand Interceptor shall be designed to intercept and collect sand, grit, and free oil and grease
(hydrocarbons and other petroleum products) and prevent their entry into the sanitary sewer system.

C. All parts, not specifically mentioned herein which are necessary in order to furnish a complete unit, shall
be provided and shall conform to the best practices known to the trade.

1.2 GENERAL REQUIREMENTS

A. Unless otherwise specified, equipment furnished under this section shall be fabricated and installed in
compliance with the instructions of the manufacturer.

B. The Contractor shall ensure that all equipment, accessories, and installation materials comply with the
specification and that adequate provision is made in the interceptor design and fabrication for mounting
the specified system equipment and accessories.

C. The Contractor is solely responsible for construction means, methods, techniques, sequences and
procedures and for safety precautions and programs.

1.3 STANDARDS

A. Work shall be performed in accordance with applicable federal, state and local fire protection,
environmental, building, plumbing, and safety codes and regulations and the latest version of the
following industry standards:
1. Material and Property Standard for Grease Interceptors and Clarifiers IAPMO PS 80-2006,

International Association for Plumbing and Mechanical Officials, 5001 E. Philadelphia St., Ontario,
CA 91761.

2. 2006 International Plumbing Code, Chapter 10 Traps, Interceptors, and Separators, International
Code Council, 500 New Jersey Avenue, NW, 6th Floor, Washington, DC 20001.

3. Recommended Practices for Installation of Underground Liquid Storage Systems,
PEI/RP100-(2005); Petroleum Equipment Institute, P.O. Box 2380, Tulsa, OK 74101.

4. Installation of Underground Petroleum Storage Systems, API/1615, Cathodic Protection of
Underground Petroleum Storage Tank and Piping Systems, API 1632, American Petroleum
Institute, 1220 L Street, Washington, D.C. 20005.

5. Flammable and Combustible Liquid Code, NFPA/30, 2003 Edition, Automotive and Marine Service
Station Code, NFPA/30A, National Electrical Code, NFPA/70, and Underground Leakage of
Flammable and Combustible Liquids, NFPA/329, National Fire Protection Association, 1
Batterymarch Park, P.O. Box 9101, Quincy, MA 02269-9904.
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6. Hazardous Waste Operations and Emergency Response and Excavating, OSHA/29 CFR 1910.120
& 29 CFR 1926 Subpart P., Occupational Safety and Health Administration, U.S. Department of
Labor, Region V, 230 S. Dearborn Street, Room 3244, Chicago, IL 60604.

7. Occupational Safety and Health Standards, Flammable and Combustible Liquids, 29CFR 1910.106,
Personal Protective Equipment 29CFR 1910 Subpart I, Excavations 29CFR 1926.650 Subpart P, U.
S. Department of Labor, Occupational Safety and Health Administration (OSHA), Washington, D.C.

8. Control of External Corrosion of Metallic Buried, Partially Buried, and Submerged Liquid Storage
Systems, NACE Recommended Practice RP0285-95; National Association of Corrosion Engineers,
P.O. Box 218340, Houston, TX 77213.

9. UL-58, Standard for Safety, "Steel Underground Tanks for Flammable and Combustible Liquids",
1997, UL-1746, Standard for "Corrosion Protection for Underground Storage Tanks" Underwriters
Laboratories Inc., 333 Pfingsten Road, Northbrook, IL 60062.

10. Underground Storage Tanks; Technical Requirements and State Program Approval; Final Rules, 40
CFR Parts 280 and 281, Part II, Federal Register, Friday, September 23, 1988, Musts for USTs: A
Summary of the New Regulations for Underground Storage Tank Systems, and Hazardous Waste
Management Standards, Federal Register July 14, 1986. U.S. Environmental Protection Agency,
Office of Underground Storage Tanks, 401 M. Street, S.W., Washington, D.C. 20460.

11. The codes and standards listed are the latest as of this publication. Codes and standards are
continuously updated. The Contractor shall confirm the construction standard edition enforced by
the authority having jurisdiction.

1.4 SUBMITTALS AND DOCUMENTATION

A. Provide three (3) sets of manufacturer’s shop drawings and installation instructions of the interceptors(s)
for approval before commencing construction.
1. Shop Drawings:  shop drawings for interceptors shall show principal dimensions and location of all

fittings.
2. Instructions:  provide three complete sets of installation, operation, and maintenance instructions

with interceptor.
3. Quality Control: Quality control and inspection procedures and reports shall be considered in the

submittal package.

B. Provide manufacturer’s published product data sheets and descriptive material for major components to
be provided.
1. Interceptor (s).
2. Electronic leak detection, gauging, and monitoring system.
3. Anchoring system.
4. Manway grade level covers.
5. Other system accessories [List]

C. Submittals shall be delivered to the Engineer within [___ days] of notice to proceed. The Engineer shall
review the drawings and return them to the Contractor approved, or with appropriate comments, within
[___ days] of receipt.

D. The Contractor shall furnish the labor, materials, equipment, appliances, services and hauling, and
perform operations in connection with the construction and installation of the work.  Work shall be as
herein specified and as denoted on the accompanying drawings but not limited to the following general
terms of work:
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1.5 GUARANTEES AND WARRANTIES

A. The manufacturer shall provide the following guarantees/warranties:
1. The manufacturer shall warrant its products to be free from defects in material and workmanship for

a period of one year from the date of shipment.  The warranty shall be limited to repair or
replacement of the defective part(s).

2. HighGuard™ Limited Warranty.

1.6 CERTIFICATION: MANUFACTURER MUST CERTIFY IN WRITING THAT THE INTERCEPTOR IS
DESIGNED AND APPROVED FOR THE INTERCEPTION AND COLLECTION OF SAND, GRIT, AND FREE
OIL AND GREASE (HYDROCARBONS AND OTHER PETROLEUM PRODUCTS).

A. Interceptor shall be the standard product of a steel tank manufacturer regularly engaged in the production
of identical equipment.

B. Manufacturer must document history of completion of prior contracts with the identical product.

1.7 QUALITY ASSURANCE: THE DOUBLE BASIN SAND OIL INTERCEPTOR SHALL BE MANUFACTURED BY
HIGHLAND TANK:

FACTORY LOCATION

Highland Tank & Mfg. Co.

One Highland Road

Stoystown, PA 15563

(814) 893-5701

Fax: (814) 893-6126

E-mail: staff@highlandtank.com

www.highlandtank.com

PART 2 – PRODUCTS

2.1 UNDERGROUND PROTECTED STEEL GRAVITY BASED OIL/SAND INTERCEPTOR (S)

A. Provide and install Highland Tank 1,500 gallon capacity Model DB OSI – 1,500 Double Basin Oil/Sand
Interceptor (s).

B. Gravity-based oil/sand interceptor shall be constructed of high-strength, mild carbon steel to ASTM
specifications and coated inside and outside with high-solids polyurethane.

C. Interceptor shall have a total volume of 1,500 gallons and a sludge holding capacity of 60 cubic feet to
comply with the requirements of the plumbing code.  The sizing and construction of this interceptor is
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consistent with industry protocols for complying with the sewer pretreatment regulations, therefore an
interceptor of smaller volume or multiple, interconnecting vessel construction is not permissible.

D. Interceptor shall have two (2) compartments to minimize turbulence and promote separation.

E. Flow to the interceptor shall be by gravity.  Interceptor shall retain wastewater long enough to allow sand,
grit, and free oil and grease to separate from the water due to their differences in specific gravity.  The
wastewater will then flow to a sanitary sewer.

F. Interceptor shall be installed underground with top access at or above grade level (as specified on
drawings).

2.2 DESIGN CRITERIA

A. The Interceptor shall meet the requirements of the International Association of Plumbing and Mechanical
Officials (IAPMO) Material and Property Standard for Grease Interceptors and Clarifiers IAPMO PS
80-2006.

B. The Interceptor shall be constructed of high-strength, mild carbon steel, meeting ASTM specifications,
with capacities, dimensions, construction, and thickness in strict accordance with Underwriters
Laboratories, Subject UL-58 Standard for Safety, Steel Underground Tanks for Flammable and
Combustible Liquids, September 30, 1997, Single Wall construction.

C. The Interceptor's Corrosion Control System shall be in strict accordance with Underwriters Laboratories
Inc. Subject UL-1746 Standard for External Corrosion Protection Systems for Steel Underground Storage
Tanks and Highland Tank’s HighGuard External Corrosion Protection Specifications.

D. The Interceptor shall be the standard product of a steel tank manufacturer regularly engaged in the
production of such equipment.  No subcontracting of Interceptor fabrication shall be permitted.

E. The Interceptor shall be fabricated, inspected and pressure tested for leakage before shipment from the
factory by manufacturer as a completely assembled, single vessel ready for installation.

F. The Interceptor shall be cylindrical, horizontal, atmospheric-type steel vessel.

G. The Interceptor shall have the structural strength to withstand static and dynamic hydraulic loading while
empty and during operating conditions.
1. The Interceptor’s dimensions and thickness shall be in strict compliance with Roark’s Formulas for

Stress and Strain as presented in UL 58, September 30, 1997.
2. Calculations, signed and stamped by a Registered Professional Engineer shall be submitted to

document structural strength under specified overbearing or external pressure.  An interceptor with
a reduced shell thickness is not permissible.

H. The Interceptor shall consist of inlet and outlet connections, internal influent nozzle, fore-basin with heavy
duty sludge baffle, fore-basin downcomer positioned to prevent discharge of free oil that has been
separated from the water, large sediment and oil pump-out access, after-basin, after-basin effluent
downcomer, wastewater pump mount/access, fittings for vent, sampling, gauging, and lifting lugs.
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2.3 GENERAL DESCRIPTION

A. The Interceptor shall be cylindrical with construction and thickness in strict accordance with Underwriters
Laboratories Subject 58, using flat-flanged heads.

B. The Interceptor shall be a pre-packaged, pre-engineered, ready to install unit consisting of:
1. An influent connection 6" inch, (NPT/Flanged).  A factory welded internal influent nozzle at the inlet

end of the interceptor.  Nozzle discharge to be located at the furthest diagonal point from the
effluent discharge opening.

2. A large internal fore-basin to disperse flow and collect separated sand, grit, and oil.
3. A heavy duty sludge baffle to retain sand and grit and prevent them from entering the downcomer.
4. An internal fore-basin downcomer to allow for discharge from the bottom of the fore-basin only.
5. One 24" diameter manhole, UL approved, complete with extension, cover, gasket, and bolts. 

Manhole shall be placed to facilitate access into fore-basin for solids and oil removal.  Heavy duty
striker plates shall be placed under the manhole to protect the Interceptor shell during pump-out
operations.

6. A large internal after-basin to collect wastewater for discharge by gravity means.
7. An internal effluent downcomer to allow for discharge from the bottom of the after-basin only.
8. One 24" diameter manhole, UL approved, complete with extension, cover, gasket, and bolts. 

Manhole shall be placed to facilitate access into after-basin for inspection, pumping, cleaning, and
access.  Heavy duty striker plates shall be placed under the manhole to protect the Interceptor shell
during pump-out operations.

9. A factory welded effluent connection 6 inch, (NPT/Flanged).
10. Fittings for cleanout, vent, sampling, and gauge.
11. Lifting lugs at balancing points for handling and installation.

C. Testing Requirements
1. Interceptor tightness testing to UL-58 requirements shall be performed by the manufacturer at the

factory.
2. The Interceptor shall be pressure tested at 3-5 psig and all surfaces soaped and carefully inspected

for leaks.

D. Electrically Isolating Exterior Protective Coating
1. After testing, all interior and exterior surfaces shall be grit blasted per Steel Structures Painting

Council Surface Preparation Specification SSPC-SP-6 Commercial Grit Blast Cleaning with an
angular profile of 2.0 mils.

2. Exterior surfaces: Apply HighGuard Corrosion Protection System consisting of:
a. Application of 75 mils DFT self-reinforcing, high-solids polyurethane material complying with

the following specifications:
b. Property/Value

1) Hardness (ASTM D 2240): 70 Shore D
2) Temperature Range: 35-120°F (1-49°C)
3) Impact Strength: >40 in. lbs
4) Flexibility: 15 mils bent 180 over 1/8” (3 mm) mandrel
5) Abrasion Resistance: 110 mg (C17, 1 kg, 100 cycles)

c. A 15,000-volt spark test shall be performed in the factory to ensure coating integrity.
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3. Internal surfaces: Apply 15 mils DFT Polyurethane Lining.
a. Lining shall be of a light color to aid in visual inspection of the interior.

E. Interceptor Hold Down Anchoring
1. Interceptor shall be provided with polyester hold down straps and turnbuckles.  Number and size as

recommended by manufacturer.
2. Provide float out and anchorage calculations, signed and stamped by a registered

professional engineer, to document proper burial depth and anchoring to counteract the
Interceptor's buoyant forces.

3. Provide 2 concrete deadmen anchors as required.  Number and size are as recommended by
manufacturer.

4. Note: An 8” minimum reinforced concrete pad is required on for all interceptors 10’0’” diameter and
larger.

F. Labeling
1. Identification plates:  Plates to be affixed in prominent location and be durable and legible

throughout equipment life.
2. Each Interceptor shall be permanently labeled on the Interceptor head with pertinent handling,

safety, and installation instructions.

G. Grade Level Manways
1. Provide 36” diameter manway ring and (H-20) rated steel cover for access to Interceptor manways.

PART 3 - EXECUTION

3.1 TRANSPORTATION TO SITE

A. Manufacturer shall take extreme care in protecting the Interceptor coating when transporting the
Interceptor to the delivery site.  Padding between the truck and Interceptors, and padding on the chains
should be utilized.

3.2 INTERCEPTOR OFF-LOADING, HANDLING, AND STORAGE

A. Interceptor shall be handled, lifted, stored, and secured in accordance with the manufacturer's
instructions.

B. Unload with equipment having sufficient lifting capacity to avoid damage to the Interceptor.

3.3 INTERCEPTOR INSTALLATION

A. Refer to manufacturer’s label on the Interceptor head and submitted User’s Manual for pertinent handling,
safety, and installation instructions.

B. The Interceptor excavation shall be free from material that may cause damage to the Interceptor coating.
Care shall be taken during installation that foreign matter is not introduced into excavation or backfill. The
bottom of the excavation shall be covered with clean sand or gravel to depth shown on the drawings
suitably graded and leveled.  NOTE: If Interceptor is to be placed on a concrete pad for anchoring
purposes, the Interceptor must not be placed directly on the pad.  A layer of fine or pea gravel, sand or #8
crushed stone (#8 coarse aggregate ASTM D-448) at least 6" deep must be spread evenly over the
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dimensions of the pad to separate the Interceptor from the pad.  If installation area is in a tidal area, the
Interceptor "bedding" material should be fine gravel or pea gravel rather than sand.

C. If an air test of the Interceptor above ground is required. Pressure should not exceed 5 psi while a bubble
solution is applied to welded seams. Refer to instructions on side of Interceptor or per PEI/RP100-(2005).

D. Before placing the Interceptor in the excavation, all dirt clods and similar foreign matter shall be cleaned
from the Interceptor, and areas of coating damage shall be repaired with a compatible coating supplied
by the manufacturer.

E. Equipment to lift the Interceptor shall be of adequate size to lift and lower the Interceptor without dragging
and dropping to ensure no damage to the Interceptor or the coating. Interceptor shall be carefully lifted
and lowered by use of cables or chains of adequate length (not less than 45 including angle) attached to
the lifting lugs provided. A spreader bar should be used where necessary.  Under no circumstances use
chains or slings around the Interceptor shell.

F. Backfill consisting of sand, #8 crushed stone (#8 crushed aggregate ASTM D-448) or fine gravel, shall be
placed along bottom side of Interceptor by shoveling and tamping to ensure the Interceptor is fully and
evenly supported around bottom quadrant.  The backfill shall be deposited carefully around Interceptor
and to a depth over Interceptor to avoid damage to coating.

G. The shipping plugs at unused Interceptor openings shall be removed, a pipe compound shall be added,
and permanent plugs shall be reinstalled in the unused openings. The dielectric bushings or flange
isolation devices shall not be removed from openings. The plugs in Interceptor openings, which are to be
used, should not be over tightened as this may cause the bushing to unscrew with the plug. Care should
be taken not to cross-thread or damage the non-metallic bushings when replacing plugs or installing
required Interceptor piping.

3.4 ON SITE SUPERVISION/TRAINING

A. Manufacturer will provide classroom training on a "per day" bid basis on recommended Interceptor
installation procedures.  This training will include the manufacturer's recommended installation
procedures.

B. Manufacturer shall provide a qualified representative for on site supervision assistance of Interceptor
installation or any other assistance that may be required by the facility personnel at the site. 
Manufacturer will bid on this supervision on a "per day" basis in a separate bid item.

END OF SECTION
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SECTION 22 1413 - FACILITY STORM DRAINAGE PIPING

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following storm drainage piping inside the building.
1. Pipe, tube, and fittings.
2. Special pipe fittings.

B. PERFORMANCE REQUIREMENTS
1. Components and installation shall be capable of withstanding the following minimum working

pressure, unless otherwise indicated:
a. Storm Drainage Piping: 40-foot head of water.

C. QUALITY ASSURANCE
1. Piping materials shall bear label, stamp, or other markings of specified testing agency.
2. Comply with NSF 14, "Plastics Piping Systems Components and Related Materials," for plastic

piping components. Include marking with "NSF-drain" for plastic drain piping.

PART 2 - PRODUCTS

2.1 PIPING MATERIALS

A. Hub-and-Spigot, Cast-Iron Pipe and Fittings: ASTM A 74, Service class.
1. Gaskets: ASTM C 564, rubber.

a. Hubless Cast-Iron Pipe and Fittings: ASTM A 888 or CISPI 301.
1) Shielded Couplings: ASTM C 1277 assembly of metal shield or housing,

corrosion- resistant fasteners, and rubber sleeve with integral, center pipe stop.
(a) Standard, Shielded, Stainless-Steel Couplings: CISPI 310, with stainless-steel

corrugated shield; stainless-steel bands and tightening devices; and ASTM C 564,
rubber sleeve.

(b) Heavy-Duty, Shielded, Stainless-Steel Couplings: With stainless-steel shield,
stainless-steel bands and tightening devices, and ASTM C 564, rubber sleeve.

B. Steel Pipe:  ASTM A 53/A 53M, Type E or S, Grade A or B, Schedule 40, galvanized.  Include ends
matching joining method.
1. Drainage Fittings: ASME B16.12, galvanized, threaded, cast-iron drainage pattern.
2. Pressure Fittings:

a. Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M or ASTM A 106, Schedule 40,
galvanized, seamless steel pipe. Include ends matching joining method.

b. Malleable-Iron Unions: ASME B16.39; Class 150; hexagonal-stock body with ball-and-socket,
metal-to-metal, bronze seating surface; and female threaded ends.

c. Gray-Iron, Threaded Fittings: ASME B16.4, Class 125, galvanized, standard pattern.
d. Cast-Iron Flanges: ASME B16.1, Class 125.
e. Cast-Iron, Flanged Fittings: ASME B16.1, Class 125, galvanized.

C. Copper DWV Tube: ASTM B 306, drainage tube, drawn temper.
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1. Copper  Drainage  Fittings: ASME B16.23,  cast  copper  or  ASME B16.29,  wrought
copper, solder-joint fittings.

PART 3 - EXECUTION

3.1 PIPING APPLICATIONS

A. Special pipe fittings with pressure ratings at least equal to piping pressure ratings may be used in
applications below, unless otherwise indicated.

B. Aboveground storm drainage piping NPS 6 and smaller shall be any of the following:
1. Service class, cast-iron soil pipe and fittings; gaskets; and gasketed joints.
2. Hubless cast-iron soil pipe and fittings; standard, and heavy-duty shielded, stainless-steel

couplings; and coupled joints.
3. Steel pipe, drainage fittings, and threaded joints.

C. PIPING INSTALLATION
1. Basic piping installation requirements are specified in Division 22 Section "Common Work Results

for Plumbing."
2. Install cleanouts at grade and extend to where building storm drains connect to building storm

sewers. Cleanouts are specified in Division 22 Section "Storm Drainage Piping Specialties."
3. Install cast-iron sleeve with water stop and mechanical sleeve seal at each service pipe penetration

through foundation wall. Select number of interlocking rubber links required to make installation
watertight. Sleeves and mechanical sleeve seals are specified in Division 22 Section "Common
Work Results for Plumbing."

4. Install wall-penetration-fitting system at each service pipe penetration through foundation wall.
Make installation watertight.

5. Install cast-iron soil piping according to CISPI's "Cast Iron Soil Pipe and Fittings Handbook,"
Chapter IV, "Installation of Cast Iron Soil Pipe and Fittings."

6. Make changes in direction for storm piping using appropriate branches, bends, and long-sweep
bends.  Do not change direction of flow more than 90 degrees.  Use proper size of standard
a. increasers and reducers if pipes of different sizes are connected.   Reducing size of drainage

piping in direction of flow is prohibited.
b. Lay buried building drain piping beginning at low point of each system. Install true to grades

and alignment indicated, with unbroken continuity of invert. Place hub ends of  piping
upstream. Install required gaskets according to manufacturer's written instructions for use of
lubricants, cements, and other installation requirements. Maintain swab in piping and pull past
each joint as completed.

c. Install storm drainage piping at the following minimum slopes, unless otherwise indicated:
1) Building Storm Drain:  1 percent downward in direction of flow for piping NPS 3 and

smaller; 1 percent downward in direction of flow for piping NPS 4 and larger.
2) Horizontal Storm-Drainage Piping: 2 percent downward in direction of flow.

(a) Sleeves are not required for cast-iron soil piping passing through concrete
slabs-on-grade if slab is without membrane waterproofing.

(b) Install ABS storm drainage piping according to ASTM D 2661.
(c) Install PVC storm drainage piping according to ASTM D 2665.
(d) Install underground ABS and PVC storm drainage piping according to ASTM D

2321.
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(e) Do not enclose, cover, or put piping into operation until it is inspected and approved
by authorities having jurisdiction.

7. JOINT CONSTRUCTION
a. Basic piping joint construction requirements are specified in Division 22 Section "Common

Work Results for Plumbing."
b. Hub-and-Spigot, Cast-Iron Soil Piping Gasketed Joints:  Join according to CISPI's "Cast Iron

Soil Pipe and Fittings Handbook" for compression joints.
c. Hubless Cast-Iron Soil Piping Coupled Joints:  Join according to CISPI 310 and CISPI's "Cast

Iron Soil Pipe and Fittings Handbook" for hubless-coupling joints.
d. Soldered Joints: Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-

alloy solder; and ASTM B 828 procedure, unless otherwise indicated.
8. VALVE INSTALLATION

a. Backwater Valves: Install backwater valves in piping subject to backflow.
1) Horizontal  Piping: Horizontal  backwater  valves. Use  normally  closed  type, 

unless otherwise indicated.
2) Install backwater valves in accessible locations.
3) Backwater   valve   are   specified   in   Division 22   Section   "Storm   Drainage   Piping

Specialties."
b. HANGER AND SUPPORT INSTALLATION

1) Seismic-restraint devices are specified in Division 22 Section "Vibration and Seismic
Controls for Plumbing Piping and Equipment."

2) Pipe hangers and supports are specified in Division 22 Section "Hangers and Supports
for Plumbing Piping and Equipment." Install the following:
(a) Vertical Piping: MSS Type 8 or Type 42, clamps.
(b) Individual, Straight, Horizontal Piping Runs: According to the following:

(1) 100 Feet and Less: MSS Type 1, adjustable, steel clevis hangers.
(2) Longer Than 100 Feet: MSS Type 43, adjustable roller hangers.
(3) Longer Than 100 Feet, if Indicated: MSS Type 49, spring cushion rolls.
(4) Multiple, Straight, Horizontal Piping Runs 100 Feet or Longer: MSS Type 44,

pipe rolls. Support pipe rolls on trapeze.
(5) Base of Vertical Piping: MSS Type 52, spring hangers.

(c) Install supports according to Division 22 Section "Hangers and Supports for
Plumbing Piping and Equipment."

(d) Support vertical piping and tubing at base and at each floor.
(e) Rod diameter may be reduced 1 size for double-rod hangers, with 3/8-inch

minimum rods.
(f) Install hangers for cast-iron soil piping with the following maximum horizontal

spacing and minimum rod diameters:
(1) NPS 1-1/2 and NPS 2: 60 inches with 3/8-inch rod.
(2) NPS 3: 60 inches with 1/2-inch rod.
(3) NPS 4 and NPS 5: 60 inches with 5/8-inch rod.
(4) NPS 6: 60 inches with 3/4-inch rod.
(5) Spacing for 10-foot lengths may be increased to 10 feet. Spacing for fittings is

limited to 60 inches.
(g) Install supports for vertical cast-iron soil piping every 15 feet.
(h) Install hangers for steel piping with the following maximum horizontal spacing and

minimum rod diameters:
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(1) NPS 1-1/4: 84 inches with 3/8-inch rod.
(2) NPS 1-1/2: 108 inches with 3/8-inch rod.
(3) NPS 2: 10 feet with 3/8-inch rod.
(4) NPS 2-1/2: 11 feet with 1/2-inch rod.
(5) NPS 3: 12 feet with 1/2-inch rod.
(6) NPS 4 and NPS 5: 12 feet with 5/8-inch rod.
(7) NPS 6: 12 feet with 3/4-inch rod.

3) Install supports for vertical steel piping every 15 feet.
4) Install hangers for copper tubing with the following maximum horizontal spacing and

minimum rod diameters:
(a) NPS 1-1/4: 72 inches with 3/8-inch rod.
(b) NPS 1-1/2 and NPS 2: 96 inches with 3/8-inch rod.
(c) NPS 2-1/2: 108 inches with 1/2-inch rod.
(d) NPS 3 to NPS 5: 10 feet with 1/2-inch rod.
(e) NPS 6: 10 feet with 5/8-inch rod.

5) Install supports for vertical copper tubing every 10 feet.
6) Support piping and tubing not listed above according to MSS SP-69 and manufacturer's

written instructions.

D. CONNECTIONS
1. Connect interior storm drainage piping to exterior storm drainage piping.  Use transition fitting to

join dissimilar piping materials.
2. Connect storm drainage piping to roof drains and storm drainage specialties.

E. FIELD QUALITY CONTROL
1. During installation, notify authorities having jurisdiction at least 24 hours before inspection must be

made. Perform tests specified below in presence of authorities having jurisdiction.
a. Roughing-in Inspection: Arrange for inspection of piping before concealing or closing-in after

roughing-in.
b. Final Inspection: Arrange  for final  inspection by  authorities  having  jurisdiction to observe

tests specified below and to ensure compliance with requirements.
1) Reinspection:  If authorities having jurisdiction find that piping will not pass test or

inspection, make required corrections and arrange for reinspection.
2) Reports: Prepare inspection reports and have them signed by authorities having

jurisdiction.
(a) Test storm drainage piping according to procedures of authorities having

jurisdiction.
c. CLEANING

1) Clean interior of piping. Remove dirt and debris as work progresses.
2) Protect drains during remainder of construction period to avoid clogging with dirt and

debris and to prevent damage from traffic and construction work.
3) Place plugs in ends of uncompleted piping at end of day and when work stops.

END OF SECTION
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SECTION 22 1423 - STORM DRAINAGE PIPING SPECIALTIES

PART 1 - GENERAL

1.1 SUMMARY

A. This Section includes the following storm drainage piping specialties:
1. Backwater valves.
2. Cleanouts.
3. Roof drains.
4. Miscellaneous storm drainage piping specialties.

B. SUBMITTALS
1. Product Data: For each type of product indicated.

C. QUALITY ASSURANCE
1. Drainage piping specialties shall bear label, stamp, or other markings of specified testing agency.

PART 2 - PRODUCTS

2.1 BACKWATER VALVES

A. Horizontal, Cast-Iron Backwater Valves:
1. Available Manufacturers: Subject to compliance with requirements, manufacturers offering products

that may be incorporated into the Work include, but are not limited to, the following:
2. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
3. Basis-of-Design Product:  Subject to compliance with requirements, provide the product indicated

on Drawings or a comparable product by one of the following:
a. Josam Company; Josam Div.
b. MIFAB, Inc.
c. Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
d. Tyler Pipe; Wade Div.
e. Watts Drainage Products Inc.
f. Zurn Plumbing Products Group; Specification Drainage Operation.
g. Standard: ASME A112.14.1.
h. Size: Same as connected piping.
i. Body: Cast iron.
j. Cover: Cast iron with bolted or threaded access check valve.
k. End Connections: Hub and spigot.
l. Type  Check  Valve:Removable,  bronze,  swing  check,  factory  assembled  or  field modified

to hang open for airflow unless subject to backflow condition.
m. Extension:  ASTM A 74, Service class; full-size, cast-iron, soil-pipe extension to field- installed

cleanout at floor; replaces backwater valve cover.
4. Drain-Outlet Backwater Valves:

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

b. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
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1) Josam Company; Josam Div.
2) Smith, Jay R. Mfr. Co.; Division of Smith Industries, Inc.
3) Watts Drainage Products Inc.
4) Zurn Plumbing Products Group; Specification Drainage Operation.

c. Size: Same as floor drain outlet.
d. Body: Cast iron or bronze made for vertical installation in bottom outlet of floor drain.
e. Check Valve: Removable ball float.
f. Inlet: Threaded.
g. Outlet: Threaded or spigot.

B. CLEANOUTS
1. Exposed Cast-Iron Cleanouts:

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

b. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

c. Basis-of-Design Product:  Subject to compliance with requirements, provide the product
indicated on Drawings or a comparable product by one of the following:
1) Josam Company; Josam Div.
2) MIFAB, Inc.
3) Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
4) Tyler Pipe; Wade Div.
5) Watts Drainage Products Inc.
6) Zurn Plumbing Products Group; Specification Drainage Operation.

d. Standard: ASME A112.36.2M for cast iron for cleanout test tee.
e. Size: Same as connected drainage piping
f. Body Material: Hub-and-spigot,  cast-iron  soil  pipe  T-branch  as  required  to  match

connected piping.
g. Closure: Countersunk or raised-head, brass plug.
h. Closure Plug Size: Same as or not more than one size smaller than cleanout size.

2. Cast-Iron Floor Cleanouts:
a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering

products that may be incorporated into the Work include, but are not limited to, the following:
b. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
c. Basis-of-Design Product:  Subject to compliance with requirements, provide the product

indicated on Drawings or a comparable product by one of the following:
1) Josam Company; Josam Div.
2) Oatey.
3) Sioux Chief Manufacturing Company, Inc.
4) Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
5) Tyler Pipe; Wade Div.
6) Watts Drainage Products Inc.
7) Zurn Plumbing Products Group; Light Commercial Operation.
8) Zurn Plumbing Products Group; Specification Drainage Operation.

d. Standard:  ASME A112.36.2M for adjustable housing cast-iron soil pipe with cast-iron ferrule
heavy-duty, adjustable housing cleanout.
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e. Size: Same as connected branch.
f. Type: Heavy-duty, adjustable housing.
g. Body or Ferrule: Cast iron.
h. Clamping Device: Required.
i. Outlet Connection: Spigot or Threaded.
j. Closure: Brass plug with straight threads and gasket.
k. Adjustable Housing Material: Cast iron with threads.
l. Frame and Cover Material and Finish: Rough bronze.
m. Frame and Cover Shape: Round or Square.
n. Top Loading Classification: Extra Heavy- Duty.
o. Riser:ASTM A 74,  Extra-Heavy  class,  cast-iron  drainage  pipe  fitting  and  riser  to

cleanout.
3. Cast-Iron Wall Cleanouts:

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

b. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

c. Basis-of-Design Product:  Subject to compliance with requirements, provide the product
indicated on Drawings or a comparable product by one of the following:
1) Josam Company; Josam Div.
2) MIFAB, Inc.
3) Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
4) Tyler Pipe; Wade Div.
5) Watts Drainage Products Inc.
6) Zurn Plumbing Products Group; Specification Drainage Operation.

d. Standard: ASME A112.36.2M. Include wall access.
e. Size: Same as connected drainage piping.
f. Body:Hub-and-spigot, cast-iron soil pipe T-branch as required to match connected piping.
g. Closure: Countersunk or raised-head, drilled-and-threaded brass plug.
h. Closure Plug Size: Same as or not more than one size smaller than cleanout size.
i. Wall Access: Round, flat, chrome-plated brass or stainless-steel cover plate with screw.
j. Wall Access: Round or Square as per drawings, nickel-bronze, copper-alloy, or stainless-

steel wall-installation frame and cover.

C. ROOF DRAINS
1. Cast-Iron Roof Drains:

a. Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:

b. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

c. Basis-of-Design Product:  Subject to compliance with requirements, provide the product
indicated on Drawings or a comparable product by one of the following:
1) Josam Company; Josam Div.
2) Marathon Roofing Products.
3) MIFAB, Inc.
4) Portals Plus, Inc.
5) Prier Products, Inc.
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6) Smith, Jay R. Mfg. Co.; Division of Smith Industries, Inc.
7) Tyler Pipe; Wade Div.
8) Watts Drainage Products Inc.
9) Zurn Plumbing Products Group; Light Commercial Operation.
10) Zurn Plumbing Products Group; Specification Drainage Operation.

d. Standard: ASME A112.21.2M.
e. Pattern: Roof drain.
f. Body Material: Cast iron.
g. Outlet: Bottom.
h. Dome Material: Cast iron.
i. Extension Collars: Required.
j. Underdeck Clamp: Required.
k. Sump Receiver: Not required.

D. MISCELLANEOUS STORM DRAINAGE PIPING SPECIALTIES
1. Downspout Boots:

a. Description: ASTM A 74, Service class, hub-and-spigot, cast-iron soil pipe.
b. Size: Same as or larger than connected downspout.

2. Conductor Nozzles:
a. Description:   Bronze body with threaded inlet and bronze wall flange with mounting holes.
b. Size: Same as connected conductor. PART 3 - EXECUTION

E. INSTALLATION
1. Refer  to  Division 22  Section  "Common  Work  Results  for  Plumbing"  for  piping  joining

materials, joint construction, and basic installation requirements.
2. Install cleanouts in aboveground piping and building drain piping according to the following, unless

otherwise indicated:
a. Size same as drainage piping up to NPS 4.  Use NPS 4 for larger drainage piping unless

larger cleanout is indicated.
b. Locate at each change in direction of piping greater than 45 degrees.
c. Locate at minimum intervals of 50 feet for piping NPS 4 and smaller and 100 feet for larger

piping.
d. Locate at base of each vertical soil and waste stack.

3. For floor cleanouts for piping below floors, install cleanout deck plates with top flush with finished
floor.

4. For  cleanouts  located  in  concealed  piping,  install  cleanout  wall  access  covers,  of  types
indicated, with frame and cover flush with finished wall.

5. Install roof drains at low points of roof areas according to roof membrane manufacturer's written
installation instructions. Roof materials are specified in Division 07.
a. Install roof-drain flashing collar or flange so that there will be no leakage between drain and

adjoining roofing. Maintain integrity of waterproof membranes where penetrated.
b. Position roof drains for easy access and maintenance.

6. Install sleeve flashing device with each riser and stack passing through floors with waterproof
membrane.

7. Install cast-iron soil pipe downspout boots at grade with top of hub 6 inches above grade.
8. Install conductor nozzles at exposed bottom of conductors where they spill onto grade.
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9. Install escutcheons at wall, floor, and ceiling penetrations in exposed finished locations and within
cabinets and millwork. Use deep-pattern escutcheons if required to conceal protruding pipe fittings.

F. CONNECTIONS
1. Piping installation requirements are specified in other Division 22 Sections.  Drawings indicate

general arrangement of piping, fittings, and specialties.

G. FLASHING INSTALLATION
1. Fabricate flashing from single piece unless large pans, sumps, or other drainage shapes are

required. Join flashing according to the following if required:
a. Lead Sheets:  Burn joints of lead sheets 6.0-lb/sq. ft., 0.0938-inch thickness or thicker. Solder

joints of lead sheets 4.0-lb/sq. ft., 0.0625-inch thickness or thinner.
2. Install sheet flashing on pipes, sleeves, and specialties passing through or embedded in floors and

roofs with waterproof membrane.
a. Pipe Flashing:  Sleeve type, matching pipe size, with minimum length of 10 inches, and skirt

or flange extending at least 8 inches around pipe.
b. Sleeve Flashing: Flat sheet, with skirt or flange extending at least 8 inches around sleeve.
c. Embedded Specialty Flashing:  Flat sheet, with skirt or flange extending at least 8 inches

around specialty.
3. Set flashing on floors and roofs in solid coating of bituminous cement.
4. Secure flashing into sleeve and specialty clamping ring or device.

H. PROTECTION
1. Protect drains during remainder of construction period to avoid clogging with dirt or debris and to

prevent damage from traffic or construction work.

END OF SECTION
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SECTION 22 3000 - PLUMBING EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Water Heaters:
1. Commercial gas fired.

B. In-line circulator pumps.

1.2 RELATED REQUIREMENTS

A. Section 22 0548 - Vibration and Seismic Controls for Plumbing Piping and Equipment.

B. Section 26 0583 - Wiring Connections:  Electrical characteristics and wiring connections.

1.3 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the work of this
section; require attendance by all affected installers.

B. Sequencing:  Ensure that utility connections are achieved in an orderly and expeditious manner.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittals procedures.

B. Product Data:
1. Indicate pump type, capacity, power requirements.
2. Provide certified pump curves showing pump performance characteristics with pump and system

operating point plotted.  Include NPSH curve when applicable.
3. Provide electrical characteristics and connection requirements.

C. Shop Drawings:
1. Indicate heat exchanger dimensions, size of tappings, and performance data.
2. Indicate dimensions of tanks, tank lining methods, anchors, attachments, lifting points, tappings,

and drains.

D. Operation and Maintenance Data:  Include operation, maintenance, and inspection data, replacement
part numbers and availability, and service depot location and telephone number.

E. Warranty Documentation:  Submit manufacturer warranty and ensure that forms have been completed in
Owner's name and registered with manufacturer.

F. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
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1.5 QUALITY ASSURANCE

A. Identification:  Provide pumps with manufacturer's name, model number, and rating/capacity identified by
permanently attached label.

B. Performance:  Ensure pumps operate at specified system fluid temperatures without vapor binding and
cavitation, are non-overloading in parallel or individual operation, operate within 25 percent of midpoint of
published maximum efficiency curve.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Provide temporary inlet and outlet caps.  Maintain caps in place until installation.

1.7 WARRANTY

A. See Section 01 7800 - Closeout Submittals for additional warranty requirements.

B. Provide five year manufacturer warranty for domestic water heaters.

PART 2  PRODUCTS

2.1 WATER HEATERS

A. Manufacturers:
1. A.O. Smith Water Products Co:  www.hotwater.com/#sle.
2. Bradford White.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Commercial Gas Fired:
1. Type:  Automatic, natural gas-fired, vertical storage.
2. Performance:  See Drawings
3. Tank:  Glass lined welded steel ASME labeled; multiple flue passages, 4 inch diameter inspection

port, thermally insulated with minimum 2 inches glass fiber, encased in corrosion-resistant steel
jacket; baked-on enamel finish; floor shield and legs.

4. Accessories:
a. Water Connections:  Brass.
b. Dip Tube:  Brass.
c. Drain valve.
d. Anode:  Magnesium.

5. Certified For The Following Applications:
a. Automatic storage water heater.

6. Controls:  Automatic water thermostat with temperature range adjustable from 120 to 180 degrees
F, automatic reset high temperature limiting thermostat factory set at 195 degrees F, gas pressure
regulator, multi-ribbon or tubular burner, 100 percent safety shut-off pilot and thermocouple, flue
baffle and draft hood.
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2.2 IN-LINE CIRCULATOR PUMPS

A. Manufacturers:
1. Taco :  www.taco-hvac.com.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Casing:  Bronze, rated for 125 psig working pressure, with stainless steel rotor assembly.

C. Impeller:  Bronze.

D. Shaft:  Alloy steel with integral thrust collar and two oil lubricated bronze sleeve bearings.

E. Seal:  Carbon rotating against a stationary ceramic seat.

F. Drive:  Flexible coupling.

G. Performance: See Drawings for Model information

PART 3  EXECUTION

3.1 INSTALLATION

A. Install plumbing equipment in accordance with manufacturer's instructions, as required by code, and
complying with conditions of certification, if any.

B. Coordinate with plumbing piping and related fuel piping work to achieve operating system.

C. Pumps:
1. Ensure pumps operate at specified system fluid temperatures without vapor binding and cavitation,

are non-overloading in parallel or individual operation, and operate within 25 percent of midpoint of
published maximum efficiency curve.

END OF SECTION
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SECTION 22 4000 - PLUMBING FIXTURES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Water closets.

B. Lavatories.

C. Sinks.

D. Service sinks.

E. Under-lavatory pipe supply covers.

F. Drinking fountains.

G. Showers.

1.2 REFERENCE STANDARDS

A. ADA Standards - Americans with Disabilities Act (ADA) Standards for Accessible Design; 2010.

B. ASME A112.18.1 - Plumbing Supply Fittings; 2018.

C. ASME A112.18.9 - Protectors/Insulators for Exposed Waste and Supplies on Accessible Fixtures; 2011.

D. ASME A112.19.2 - Ceramic Plumbing Fixtures; 2013.

E. ASME A112.19.5 - Flush Valves and Spuds for Water Closets, Urinals, and Tanks; 2017.

F. ASSE 1070 - Performance Requirements for Water Temperature Limiting Devices; 2015.

G. ASTM C1822 - Standard Specification for Insulating Covers on Accessible Lavatory Piping; 2015.

H. ICC A117.1 - Accessible and Usable Buildings and Facilities; 2017.

I. NSF 61 - Drinking Water System Components - Health Effects; 2017.

J. NSF 372 - Drinking Water System Components - Lead Content; 2016.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide catalog illustrations of fixtures, sizes, rough-in dimensions, utility sizes, trim, and
finishes.

C. Maintenance Data:  Include fixture trim exploded view and replacement parts lists.
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D. Warranty:  Submit manufacturer warranty and ensure forms have been completed in Owner's name and
registered with manufacturer.

E. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
2. Extra Faucet Washers:  One set of each type and size.
3. Flush Valve Service Kits:  One for each type and size.

1.4 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in this
section, with minimum three years of documented experience.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Accept fixtures on site in factory packaging.  Inspect for damage.

B. Protect installed fixtures from damage by securing areas and by leaving factory packaging in place to
protect fixtures and prevent use.

1.6 WARRANTY

A. See Section 01 7800 - Closeout Submittals for additional warranty requirements.

PART 2  PRODUCTS

2.1 GENERAL REQUIREMENTS

A. Potable Water Systems:  Provide plumbing fittings and faucets that comply with NSF 61 and NSF 372 for
maximum lead content; label pipe and fittings.

2.2 TANK TYPE WATER CLOSETS

A. Tank Type Water Closet Manufacturers:
1. American Standard, Inc:  www.americanstandard-us.com/#sle.
2. Kohler Company:  www.kohler.com/#sle.
3. Zurn Industries, Inc:  www.zurn.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Bowl:  ASME A112.19.2; floor mounted, siphon jet, vitreous china, 16.5 inches high, close-coupled closet
combination with elongated rim, insulated vitreous china closet tank with fittings and lever flushing valve,
bolt caps, vandalproof cover locking device. See Drawings for specific Model Information

C. Seat Manufacturers:
1. American Standard, Inc:  www.americanstandard-us.com/#sle.
2. Bemis Manufacturing Company:  www.bemismfg.com/#sle.
3. Zurn Industries.
4. Substitutions:  See Section 01 6000 - Product Requirements.
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D. Seat:  Solid white plastic, open front, extended back, less cover, complete with self-sustaining hinge.

E. Handle Height:  44 inches or less.

2.3 WALL HUNG URINALS

A. Manufacturers:
1. American Standard, Inc:  www.americanstandard-us.com/#sle.
2. Gerber Plumbing Fixtures LLC:  www.gerberonline.com/#sle.
3. Kohler Company:  www.kohler.com/#sle.
4. Zurn Industries, Inc:  www.zurn.com/#sle.
5. Substitutions:  See Section 01 6000 - Product Requirements.

B. Urinals:  Vitreous china, ASME A112.19.2, wall hung with side shields and concealed carrier.  See
Drawings for specific Model Information
1. Flush Volume:  1.0 gallons, maximum.
2. Flush Valve:  Exposed (top spud).
3. Flush Operation:  Sensor operated.
4. Trap:  Integral.

C. Flush Valves:

2.4 LAVATORIES

A. Lavatory Manufacturers:  See Drawings for Basis of Design Product
1. American Standard Inc:  www.americanstandard.com.
2. Kohler Company:  www.kohler.com/#sle.
3. Zurn Industries, Inc:  www.zurn.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Supply Faucet Manufacturers:  See Drawings for Basis of Design Product
1. American Standard Inc:  www.americanstandard.com.
2. Kohler Company:  www.kohler.com/#sle.
3. Zurn Industries, Inc:  www.zurn.com/#sle.
4. Speakman: www.speakmancompany.com.
5. Substitutions:  See Section 01 6000 - Product Requirements.

C. Accessories:
1. Offset waste with perforated open strainer.

2.5 UNDER-LAVATORY PIPE SUPPLY COVERS

A. Basis of Design:  Plumberex Specialty Products, Inc; www.plumberex.com/#sle.
1. Fusion Molded Under-Lavatory Insulators (Non-Sewn):  Plumberex Handy-Shield Maxx.
2. Slim Fit Under-Lavatory Insulators (Non-Sewn):  Plumberex Trap Gear.
3. Under-Lavatory Covers with Snap-Lock Fasteners (Molded):  Plumberex Pro-Extreme.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

PLUMBING FIXTURES 22 4000 - 4

B. General:
1. Insulate exposed drainage piping including hot, cold and tempered water supplies under lavatories

or sinks per ADA Standards.
2. Construction:  1/8 inch PVC with antimicrobial, antifungal and UV resistant properties.

a. Comply with ASTM C1822 Type III for covers on accessible lavatory piping.
b. Comply with ASME A112.18.9 for covers on accessible lavatory piping.
c. Comply with ICC A117.1.

3. Fasteners:  Reusable, snap-locking fasteners with no sharp or abrasive external surfaces. No cable
ties allowed.

2.6 SHOWERS

A. Shower Manufacturers:  See Drawings for Basis of Design Product

2.7 DRINKING FOUNTAINS

A. Manufacturers:
1. Elkay Manufacturing Company:  www.elkay.com/#sle.
2. Halsey Taylor:  www.halseytaylor.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Fountain:  See Drawings for specific Model Information

2.8 SERVICE SINKS

A. Service Sink Manufacturers: See Drawings for Specific Model information

B. Trim:  ASME A112.18.1 exposed wall type supply with cross handles, spout wall brace, vacuum breaker,
hose end spout, strainers, eccentric adjustable inlets, integral screwdriver stops with covering caps and
adjustable threaded wall flanges.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that walls and floor finishes are prepared and ready for installation of fixtures.

B. Verify that electric power is available and of the correct characteristics.

C. Confirm that millwork is constructed with adequate provision for the installation of counter top lavatories
and sinks.

3.2 PREPARATION

A. Rough-in fixture piping connections in accordance with minimum sizes indicated in fixture rough-in
schedule for particular fixtures.
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3.3 INSTALLATION

A. Install each fixture with trap, easily removable for servicing and cleaning.

B. Provide chrome plated rigid or flexible supplies to fixtures with loose key stops, reducers, and
escutcheons.

C. Install components level and plumb.

D. Install and secure fixtures in place with wall supports and bolts.

3.4 ADJUSTING

A. Adjust stops or valves for intended water flow rate to fixtures without splashing, noise, or overflow.

3.5 CLEANING

A. Clean plumbing fixtures and equipment.

3.6 PROTECTION

A. Protect installed products from damage due to subsequent construction operations.

B. Repair or replace damaged products before Date of Substantial Completion.

END OF SECTION
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SECTION 23 0517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Pipe sleeves.

B. Manufactured sleeve-seal systems.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 23 0553 - Identification for HVAC Piping and Equipment:  Piping identification.

C. Section 23 0716 - HVAC Equipment Insulation.

D. Section 23 0719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS

A. ASTM C592 - Standard Specification for Mineral Fiber Blanket Insulation and Blanket-Type Pipe
Insulation (Metal-Mesh Covered) (Industrial Type); 2016.

B. ASTM E814 - Standard Test Method for Fire Tests of Penetration Firestop Systems; 2013a (Reapproved
2017).

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store sleeve and sleeve seals in shipping containers, with labeling in place.

B. Provide temporary protective coating on cast iron and steel sleeves if shipped loose.

1.6 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

PART 2  PRODUCTS

2.1 PIPE SLEEVES

A. Manufacturers:
1. Flexicraft Industries; Pipe Wall Sleeve:  www.flexicraft.com/#sle.
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2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Vertical Piping:
1. Sleeve Length:  1 inch above finished floor.
2. Provide sealant for watertight joint.

C. Plastic or Sheet Metal:  Pipe passing through interior walls, partitions, and floors, unless steel or brass
sleeves are specified below.

D. Pipe Passing Through Mechanical, Laundry, and Animal Room Floors above Basement:
1. Galvanized steel pipe or black iron pipe with asphalt coating.
2. Connect sleeve with floor plate except in mechanical rooms.

E. Clearances:
1. Provide allowance for insulated piping.
2. Wall, Floor, Floor, Partitions, and Beam Flanges:  1 inch greater than external; pipe diameter.
3. All Rated Openings:  Caulked tight with fire stopping material in compliance with ASTM E814 in

accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

2.2 MANUFACTURED SLEEVE-SEAL SYSTEMS

A. Manufacturers:
1. Flexicraft Industries; PipeSeal:  www.flexicraft.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Modular/Mechanical Seal:
1. Synthetic rubber interlocking links continuously fill annular space between pipe and wall/casing

opening.
2. Provide watertight seal between pipe and wall/casing opening.
3. Elastomer element size and material in accordance with manufacturer's recommendations.
4. Glass reinforced plastic pressure end plates.

PART 3  EXECUTION

3.1 INSTALLATION

A. Route piping in orderly manner, plumb and parallel to building structure.  Maintain gradient.

B. Install piping to conserve building space, to not interfere with use of space and other work.

C. Install piping and pipe sleeves to allow for expansion and contraction without stressing pipe, joints, or
connected equipment.

D. Provide sleeves when penetrating footings, floors, walls, and partitions.  Seal pipe including sleeve
penetrations to achieve fire resistance equivalent to fire separation required.
1. Aboveground Piping:

a. Pack solid using mineral fiber in compliance with ASTM C592.
b. Fill space with an elastomer caulk to a depth of 0.50 inch where penetrations occur between

conditioned and unconditioned spaces.
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2. All Rated Openings:  Caulk tight with fire stopping material in compliance with ASTM E814 in
accordance with Section 07 8400 to prevent the spread of fire, smoke, and gases.

E. Manufactured Sleeve-Seal Systems:
1. Install manufactured sleeve-seal systems in sleeves located in grade slabs and exterior concrete

walls at piping entrances into building.
2. Provide sealing elements of the size, quantity, and type required for the piping and sleeve inner

diameter or penetration diameter.
3. Locate piping in center of sleeve or penetration.
4. Install field assembled sleeve-seal system components in annular space between sleeve and

piping.
5. Tighten bolting for a water-tight seal.
6. Install in accordance with manufacturer's recommendations.

F. When installing more than one piping system material, ensure system components are compatible and
joined to ensure the integrity of the system.  Provide necessary joining fittings.  Ensure flanges, union,
and couplings for servicing are consistently provided.

3.2 CLEANING

A. Upon completion of work, clean all parts of the installation.

B. Clean equipment, pipes, valves, and fittings of grease, metal cuttings, and sludge that may have
accumulated from the installation and testing of the system.

END OF SECTION
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SECTION 23 0548 - VIBRATION   AND   SEISMIC   CONTROLS   FOR   HVAC

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings  and  general  provisions  of  the  Contract,  including  General  and  Supplementary Conditions
and Division 01 Specification Sections, apply to this Section.

B. SUMMARY
1. This Section includes the following:

a. Isolation pads.
b. Isolation mounts.
c. Restrained elastomeric isolation mounts.
d. Freestanding and restrained spring isolators.
e. Housed spring mounts.
f. Elastomeric hangers.
g. Spring hangers.
h. Spring hangers with vertical-limit stops.
i. Pipe riser resilient supports.
j. Resilient pipe guides.
k. Freestanding and restrained air-mounting system.
l. Restrained vibration isolation roof-curb rails.
m. Seismic snubbers.
n. Restraining braces and cables.
o. Steel and inertia, vibration isolation equipment bases.

C. DEFINITIONS
1. IBC:  International Building Code.
2. ICC-ES:  ICC-Evaluation Service.
3. OSHPD:  Office of Statewide Health Planning and Development for the State of California.

D. PERFORMANCE REQUIREMENTS
1. Wind-Restraint Loading:

a. Basic Wind Speed: 140mph
b. Building Classification Category:  IV.
c. Minimum 10 lb/sq. ft. (48.8 kg/sq. m) multiplied by the maximum area of the HVAC component

projected on a vertical plane that is normal to the wind direction, and 45 degrees either side of
normal.

2. Seismic-Restraint Loading:
a. See Drawings
b. ACTION SUBMITTALS

3. Product Data: For the following:
a. Include rated load, rated deflection, and overload capacity for each vibration isolation device.
b. Illustrate and indicate style, material, strength, fastening provision, and finish for each type

and size of seismic-restraint component used.
c. Interlocking Snubbers: Include ratings for horizontal, vertical, and combined loads.
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4. Delegated-Design Submittal: For vibration isolation and seismic-restraint details indicated to comply
with performance requirements and design criteria, including analysis data signed and sealed by
the qualified professional engineer responsible for their preparation.
a. Design Calculations: Calculate static and dynamic loading due to equipment weight and

operation, seismic and wind forces required to select vibration isolators, seismic and wind
restraints, and for designing vibration isolation bases.
1) Coordinate design calculations with wind load calculations required for equipment

mounted outdoors. Comply with requirements in other Sections for equipment mounted
outdoors.

b. Riser Supports: Include riser diagrams and calculations showing anticipated expansion and
contraction at each support point, initial and final loads on building structure, spring deflection
changes, and seismic loads. Include certification that riser system has been examined for
excessive stress and that none will exist.

c. Vibration Isolation Base Details: Detail overall dimensions, including anchorages and
attachments to structure and to supported equipment. Include auxiliary motor slides and rails,
base weights, equipment static loads, power transmission, component misalignment, and
cantilever loads.

d. Seismic and Wind Restraint Details:
1) Design Analysis: To support selection and arrangement of seismic and wind restraints.

Include calculations of combined tensile and shear loads.
2) Details: Indicate fabrication and arrangement. Detail attachments of restraints to the

restrained items and to the structure. Show attachment locations, methods, and
spacings. Identify components, list their strengths, and indicate directions and values of
forces transmitted to the structure during seismic events. Indicate association with
vibration isolation devices.

3) Coordinate seismic-restraint and vibration isolation details with wind-restraint details
required for equipment mounted outdoors. Comply with requirements in other Sections
for equipment mounted outdoors.

E. INFORMATIONAL SUBMITTALS
1. Coordination Drawings: Show coordination of seismic bracing for HVAC piping and equipment with

other systems and equipment in the vicinity, including other supports and seismic restraints.
2. Qualification Data:  For professional engineer
3. Welding certificates.
4. Field quality-control test reports.

F. CLOSEOUT SUBMITTALS
1. Operation and Maintenance Data: For air-mounting systems to include in operation and

maintenance manuals.

G. QUALITY ASSURANCE
1. Testing Agency Qualifications: An independent agency, with the experience and capability to

conduct the testing indicated, that is a nationally recognized testing laboratory (NRTL) as defined
by OSHA in 29 CFR 1910.7, and that is acceptable to authorities having jurisdiction.

2. Comply with seismic-restraint requirements in the IBC unless requirements in this Section are more
stringent.
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3. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding
Code - Steel."

4. Seismic-restraint devices shall have horizontal and vertical load testing and analysis and shall bear
anchorage preapproval OPA number from OSHPD, preapproval by ICC-ES, or preapproval by
another agency acceptable to authorities having jurisdiction, showing maximum seismic-restraint
ratings. Ratings based on independent testing are preferred to ratings based on calculations. If
preapproved ratings are not available, submittals based on independent testing are preferred.
Calculations (including combining shear and tensile loads) to support seismic- restraint designs
must be signed and sealed by a qualified professional engineer.

PART 2 - PRODUCTS

2.1 VIBRATION ISOLATORS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
1. Kinetics Noise Control.
2. Mason Industries.
3. Vibro-Acoustics.
4. Pads Arranged in single or multiple layers  of  sufficient stiffness for uniform loading over pad area,

molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes that match
requirements of supported equipment.
a. Resilient Material: Oil- and water-resistant neoprene

5. Mounts: Double-deflection type, with molded, oil-resistant rubber, hermetically sealed compressed
fiberglass, or neoprene isolator elements with factory- drilled, encapsulated top plate for bolting to
equipment and with baseplate for bolting to structure. Color-code or otherwise identify to indicate
capacity range.
a. Materials: Cast-ductile-iron or welded steel housing containing two separate and opposing,

oil-resistant rubber or neoprene elements that prevent central threaded element and
attachment hardware from contacting the housing during normal operation.

b. Neoprene: Shock-absorbing materials compounded according to the standard for bridge-
bearing neoprene as defined by AASHTO.

6. Restrained Mounts: All-directional mountings with seismic restraint.
a. Materials: Cast-ductile-iron or welded steel housing containing two separate and opposing,

oil-resistant rubber or neoprene elements that prevent central threaded element and
attachment hardware from contacting the housing during normal operation.

b. Neoprene:  Shock-absorbing materials compounded according to the standard for bridge-
bearing neoprene as defined by AASHTO.

7. Spring Isolators: Freestanding, laterally stable, open-spring isolators.
a. Outside Spring Diameter:   Not less than 80 percent of the compressed height of the spring at

rated load.
b. Minimum Additional Travel:  50 percent of the required deflection at rated load.
c. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
d. Overload  Capacity: Support  200  percent  of  rated  load,  fully  compressed,  without

deformation or failure.
e. Baseplates: Factory drilled for bolting to structure and bonded to 1/4-inch- (6-mm-) thick,

rubber isolator pad attached to baseplate underside. Baseplates shall limit floor load to 500
psig (3447 kPa).
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f. Top Plate and Adjustment Bolt:  Threaded top plate with adjustment bolt and cap screw to
fasten and level equipment.

8. Restrained Spring Isolators: Freestanding, steel, open-spring isolators with seismic or limit-stop
restraint.
a. Housing: Steel with resilient vertical-limit stops to prevent spring extension due to weight being

removed; factory-drilled baseplate bonded to 1/4-inch- (6-mm-) thick, neoprene or rubber
isolator pad attached to baseplate underside; and adjustable equipment mounting and leveling
bolt that acts as blocking during installation.

b. Restraint: Seismic  or  limit  stop  as  required  for  equipment  and  authorities 
having jurisdiction.

c. Outside Spring Diameter:   Not less than 80 percent of the compressed height of the spring at
rated load.

d. Minimum Additional Travel:  50 percent of the required deflection at rated load.
e. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
f. Overload  Capacity: Support  200  percent  of  rated  load,  fully  compressed,  without

deformation or failure.
9. Housed Spring Mounts: Housed spring isolator with integral seismic snubbers.

a. Housing:  Ductile-iron or steel housing to provide all-directional seismic restraint.
b. Base: Factory drilled for bolting to structure.
c. Snubbers:   Vertically adjustable to allow a maximum of 1/4-inch (6-mm) travel up or down

before contacting a resilient collar.
10. Elastomeric Hangers:  Single or double-deflection type, fitted with molded, oil-resistant elastomeric

isolator elements bonded to steel housings with threaded connections for hanger rods.  Color-code
or otherwise identify to indicate capacity range.

11. Spring Hangers: Combination coil-spring and elastomeric- insert hanger with spring and insert in
compression.
a. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a maximum

of 30 degrees of angular hanger-rod misalignment without binding or reducing isolation
efficiency.

b. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at
rated load.

c. Minimum Additional Travel:  50 percent of the required deflection at rated load.
d. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
e. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation

or failure.
f. Elastomeric Element: Molded, oil-resistant rubber or neoprene. Steel-washer-reinforced cup to

support spring and bushing projecting through bottom of frame.
g. Self-centering hanger rod cap to ensure concentricity between hanger rod and support spring

coil.
12. Spring Hangers with Vertical-Limit Stop: Combination coil- spring and elastomeric-insert hanger

with spring and insert in compression and with a vertical- limit stop.
a. Frame: Steel, fabricated for connection to threaded hanger rods and to allow for a maximum

of 30 degrees of angular hanger-rod misalignment without binding or reducing isolation
efficiency.

b. Outside Spring Diameter: Not less than 80 percent of the compressed height of the spring at
rated load.

c. Minimum Additional Travel:  50 percent of the required deflection at rated load.
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d. Lateral Stiffness: More than 80 percent of rated vertical stiffness.
e. Overload Capacity: Support 200 percent of rated load, fully compressed, without deformation

or failure.
f. Elastomeric Element: Molded, oil-resistant rubber or neoprene.
g. Adjustable Vertical Stop: Steel washer with neoprene washer "up-stop" on lower threaded rod.
h. Self-centering hanger rod cap to ensure concentricity between hanger rod and support spring

coil.
13. Pipe Riser Resilient Support : All-directional, acoustical pipe anchor consisting of 2 steel tubes

separated by a minimum of 1/2-inch- (13-mm-) thick neoprene. Include steel and neoprene
vertical-limit stops arranged to prevent vertical travel in both directions. Design support for a
maximum load on the isolation material of 500 psig (3.45 MPa) and for equal resistance in all
directions.

14. Resilient Pipe Guides: Telescopic arrangement of 2 steel tubes or post and sleeve arrangement
separated by a minimum of 1/2-inch- (13-mm-) thick neoprene. Where clearances are not readily
visible, a factory-set guide height with a shear pin to allow vertical motion due to pipe expansion
and contraction shall be fitted. Shear pin shall be removable and reinsertable to allow for selection
of pipe movement. Guides shall be capable of motion to meet location requirements.

B. AIR-MOUNTING SYSTEMS
1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. California Dynamics Corporation.
b. Firestone Industrial Products Company.
c. Kinetics Noise Control.
d. Mason Industries.
e. Vibration Eliminator Co., Inc.

2. Air Mounts:  Freestanding, single or multiple, compressed-air bellows.
a. Assembly:  Upper and lower steel sections connected by a replaceable, flexible, nylon-

reinforced neoprene bellows.
b. Maximum Natural Frequency:  3 Hz.
c. Operating Pressure Range: 25 to 100 psig (172 to 690 kPa).
d. Burst  Pressure: At  least  three  times  manufacturer's  published  maximum  operating

pressure.
e. Leveling Valves:  Minimum of 3 required to maintain leveling within plus or minus 1/8 inch (3

mm).
3. Restrained Air Mounts :  Housed compressed-air bellows.

a. Assembly: Upper and lower steel sections connected by a replaceable, flexible, nylon-
reinforced neoprene bellows and spring, with angle-iron frame having vertical-limit stops and
channel-section top with leveling adjustment and attachment screws.

b. Maximum Natural Frequency:  3 Hz.
c. Operating Pressure Range: 25 to 100 psig (172 to 690 kPa).
d. Burst  Pressure: At  least  three  times  manufacturer's  published  maximum  operating

pressure.
e. Leveling Valves:  Minimum of 3 required to maintain leveling within plus or minus 1/8 inch (3

mm).

C. RESTRAINED VIBRATION ISOLATION ROOF-CURB RAILS
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1. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
a. Amber/Booth Company, Inc.
b. California Dynamics Corporation.
c. Isolation Technology, Inc.
d. Kinetics Noise Control.
e. Mason Industries.
f. Thybar Corporation.
g. Vibration Eliminator Co., Inc.
h. Vibration Isolation.
i. Vibration Mountings & Controls, Inc.

2. General Requirements for Restrained Vibration Isolation Roof-Curb Rails: Factory-assembled, fully
enclosed, insulated, air- and watertight curb rail designed to resiliently support equipment and to
withstand seismic and wind forces.

3. Lower Support Assembly: Formed sheet-metal section containing adjustable and removable steel
springs that support upper frame. Upper frame shall provide continuous support for equipment and
shall be captive to resiliently resist seismic and wind forces. Lower support assembly shall have a
means for attaching to building structure and a wood nailer for attaching roof materials, and shall be
insulated with a minimum of 2 inches (50 mm) of rigid, glass-fiber insulation on inside of assembly.

4. Spring Isolators: Adjustable, restrained spring isolators shall be mounted on 1/4-inch- (6-mm-) thick,
elastomeric vibration isolation pads and shall have access ports, for level adjustment, with
removable waterproof covers at all isolator locations. Isolators shall be located so they are
accessible for adjustment at any time during the life of the installation without interfering with the
integrity of the roof.
a. Restrained Spring Isolators:   Freestanding, steel, open-spring isolators with seismic or wind

restraint.
1) Housing: Steel  with  resilient  vertical-limit  stops  and  adjustable  equipment

mounting and leveling bolt.
2) Outside Spring Diameter:  Not less than 80 percent of the compressed height of the

spring at rated load.
3) Minimum Additional Travel:  50 percent of the required deflection at rated load.
4) Lateral Stiffness: More than 80 percent of rated vertical stiffness.
5) Overload Capacity:  Support 200 percent of rated load, fully compressed, without

deformation or failure.
b. Pads: Arranged in single or multiple layers of sufficient stiffness for uniform loading over pad

area, molded with a nonslip pattern and galvanized-steel baseplates, and factory cut to sizes
that match requirements of supported equipment.
1) Resilient  Material: Oil-  and  water-resistant  standard  neoprene

5. Snubber Bushings:  All-directional, elastomeric snubber bushings at least 1/4 inch (6 mm) thick.
6. Water Seal: Galvanized sheet metal with EPDM seals at corners, attached to upper support frame,

extending down past wood nailer of lower support assembly, and counterflashed over roof
materials.

D. VIBRATION ISOLATION EQUIPMENT BASES
1. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

a. Amber/Booth Company, Inc.
b. California Dynamics Corporation.
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c. Isolation Technology, Inc.
d. Kinetics Noise Control.
e. Mason Industries.
f. Vibration Eliminator Co., Inc.
g. Vibration Isolation.
h. Vibration Mountings & Controls, Inc.

2. Steel Base:   Factory-fabricated, welded, structural-steel bases and rails.
a. Design Requirements: Lowest possible mounting height with not less than 1-inch (25- mm)

clearance above the floor. Include equipment anchor bolts and auxiliary motor slide bases or
rails.
1) Include supports for suction and discharge elbows for pumps.

b. Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases
shall have shape to accommodate supported equipment.

c. Support  Brackets: Factory-welded  steel  brackets  on  frame  for  outrigger  isolation
mountings and to provide for anchor bolts and equipment support.

3. Inertia Base:  Factory-fabricated, welded, structural-steel bases and rails ready for placement of
cast-in-place concrete.
a. Design Requirements: Lowest possible mounting height with not less than 1-inch (25- mm)

clearance above the floor. Include equipment anchor bolts and auxiliary motor slide bases or
rails.
1) Include supports for suction and discharge elbows for pumps.

b. Structural Steel: Steel shapes, plates, and bars complying with ASTM A 36/A 36M. Bases
shall have shape to accommodate supported equipment.

c. Support  Brackets: Factory-welded  steel  brackets  on  frame  for  outrigger  isolation
mountings and to provide for anchor bolts and equipment support.

d. Fabrication: Fabricate steel templates to hold equipment anchor-bolt sleeves and anchors in
place during placement of concrete. Obtain anchor-bolt templates from supported equipment
manufacturer.

E. SEISMIC-RESTRAINT DEVICES
1. Manufacturers: Subject to compliance with requirements, provide products by one of the

following:
a. Amber/Booth Company, Inc.
b. California Dynamics Corporation.
c. Cooper B-Line, Inc.; a division of Cooper Industries.
d. Hilti, Inc.
e. Kinetics Noise Control.
f. Loos & Co.; Cableware Division.
g. Mason Industries.
h. TOLCO Incorporated; a brand of NIBCO INC.
i. Unistrut; Tyco International, Ltd.

2. Snubbers: Factory fabricated using welded structural-steel shapes and plates, anchor bolts, and
replaceable resilient isolation washers and bushings.
a. Anchor bolts for attaching to concrete shall be seismic-rated, drill-in, and stud-wedge or

female-wedge type.
b. Resilient Isolation Washers and Bushings:  Oil- and water-resistant neoprene.
c. Maximum 1/4-inch (6-mm) air gap, and minimum 1/4-inch- (6-mm-) thick resilient cushion.
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3. Channel Support System: MFMA-3, shop- or field-fabricated support assembly made of slotted
steel channels with accessories for attachment to braced component at one end and to building
structure at the other end and other matching components and with corrosion-resistant coating; and
rated in tension, compression, and torsion forces.

4. Restraint Cables: ASTM A 492 stainless-steel cables with end connections made of steel
assemblies with thimbles, brackets, swivel, and bolts designed for restraining cable service; and
with a minimum of two clamping bolts for cable engagement.

5. Hanger Rod Stiffener: Steel tube or steel slotted-support-system sleeve with internally bolted
connections to hanger rod.

6. Bushings for Floor-Mounted Equipment Anchor Bolts: Neoprene bushings designed for rigid
equipment mountings, and matched to type and size of anchor bolts and studs.

7. Bushing Assemblies for Wall-Mounted Equipment Anchorage: Assemblies of neoprene elements
and steel sleeves designed for rigid equipment mountings, and matched to type and size of
attachment devices used.

8. Resilient Isolation Washers and Bushings: One-piece, molded, oil- and water-resistant neoprene,
with a flat washer face.

9. Mechanical Anchor Bolts: Drilled-in and stud-wedge or female-wedge type in zinc-coated steel for
interior applications and stainless steel for exterior applications. Select anchor bolts with strength
required for anchor and as tested according to ASTM E 488. Minimum length of eight times
diameter.

10. Adhesive Anchor Bolts: Drilled-in and capsule anchor system containing polyvinyl or urethane
methacrylate-based resin and accelerator, or injected polymer or hybrid mortar adhesive. Provide
anchor bolts and hardware with zinc-coated steel for interior applications and stainless steel for
exterior applications. Select anchor bolts with strength required for anchor and as tested according
to ASTM E 488.

F. FACTORY FINISHES
1. Finish: Manufacturer's standard prime-coat finish ready for field painting.
2. Finish: Manufacturer's standard paint applied to factory-assembled  and  -tested  equipment before

shipping.
a. Powder coating on springs and housings.
b. All hardware shall be galvanized. Hot-dip galvanize metal components for exterior use.
c. Baked enamel or powder coat for metal components on isolators for interior use.
d. Color-code or otherwise mark vibration isolation and seismic- and wind-control devices to

indicate capacity range.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and equipment to receive vibration isolation and seismic- and wind-control devices for
compliance with requirements for installation tolerances and other conditions affecting performance.

B. Examine roughing-in of reinforcement and cast-in-place anchors to verify  actual  locations before
installation.

C. Proceed with installation only after unsatisfactory conditions have been corrected.
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D. APPLICATIONS
1. Multiple Pipe Supports: Secure pipes to trapeze member with clamps approved for application byan

evaluation service member of ICC-ES
2. Hanger Rod Stiffeners: Install hanger rod stiffeners where indicated or scheduled on Drawings to

receive them and where required to prevent buckling of hanger rods due to seismic forces.
3. Strength of Support and Seismic-Restraint Assemblies: Where not indicated, select sizes of

components so strength will be adequate to carry present and future static and seismic loads within
specified loading limits.

E. VIBRATION-CONTROL AND SEISMIC-RESTRAINT DEVICE INSTALLATION
1. Comply with requirements in Section 077200 "Roof Accessories" for installation of roof curbs,

equipment supports, and roof penetrations.
2. Equipment Restraints:

a. Install seismic snubbers on HVAC equipment mounted on vibration isolators. Locate snubbers
as close as possible to vibration isolators and bolt to equipment base and supporting
structure.

b. Install resilient bolt isolation washers on equipment anchor bolts where clearance between
anchor and adjacent surface exceeds 0.125 inch (3.2 mm).

c. Install seismic-restraint devices using methods approved by an evaluation service member of
ICC-ES providing required submittals for component.

3. Piping Restraints:
a. Comply with requirements in MSS SP-127.
b. Space lateral supports a maximum of 40 feet (12 m) o.c., and longitudinal supports a

maximum of 80 feet (24 m) o.c.
c. Brace a change of direction longer than 12 feet (3.7 m).

4. Install cables so they do not bend across edges of adjacent equipment or building structure.
5. Install seismic-restraint devices using methods approved by an evaluation service member of

ICC-ES providing required submittals for component.
6. Install bushing assemblies for anchor bolts for floor-mounted equipment, arranged to provide

resilient media between anchor bolt and mounting hole in concrete base.
7. Install bushing assemblies for mounting bolts for wall-mounted equipment, arranged to provide

resilient media where equipment or equipment-mounting channels are attached to wall.
8. Attachment to Structure:  If specific attachment is not indicated, anchor bracing to structure at

flanges of beams, at upper truss chords of bar joists, or at concrete members.
9. Drilled-in Anchors:

a. Identify position of reinforcing steel and other embedded items prior to drilling holes for
anchors. Do not damage existing reinforcing or embedded items during  coring  or drilling.
Notify the structural engineer if reinforcing steel or other embedded items are encountered
during drilling. Locate and avoid prestressed tendons, electrical and telecommunications
conduit, and gas lines.

b. Do not drill holes in concrete or masonry until concrete, mortar, or grout has achieved full
design strength.

c. Wedge Anchors: Protect threads from damage during anchor installation. Heavy-duty sleeve
anchors shall be installed with sleeve fully engaged in the structural element to which anchor
is to be fastened.
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d. Adhesive Anchors: Clean holes to remove loose material and drilling dust prior to installation
of adhesive. Place adhesive in holes proceeding from the bottom of the hole and progressing
toward the surface in such a manner as to avoid introduction of air pockets in the adhesive.

e. Set anchors to manufacturer's recommended torque, using a torque wrench.
f. Install zinc-coated steel anchors for interior and stainless-steel anchors for exterior

applications.

F. ACCOMMODATION OF DIFFERENTIAL SEISMIC MOTION
1. Install flexible connections in piping where they cross seismic joints, where adjacent sections or

branches are supported by different structural elements, and where the connections terminate with
connection to equipment that is anchored to a different structural element from the one supporting
the connections as they approach equipment. Comply with  requirements  in Section 232113
"Hydronic Piping" for piping flexible connections.

G. ADJUSTING
1. Adjust isolators after piping system is at operating weight.
2. Adjust limit stops on restrained spring isolators to mount equipment at normal operating height.

After equipment installation is complete, adjust limit stops so they are out of contact during normal
operation.

3. Adjust air-spring leveling mechanism.
4. Adjust active height of spring isolators.
5. Adjust restraints to permit free movement of equipment within normal mode of operation.

H. DEMONSTRATION
1. Engage a factory-authorized service representative to train Cleveland Clinic maintenance personnel

to adjust, operate, and maintain air-mounting systems. Refer to Section 017900 "Demonstration
and Training."

END OF SECTION
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SECTION 23 0553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Nameplates.

B. Tags.

C. Pipe markers.

D. Ceiling tacks.

E. Ceiling Tacks

1.2 REFERENCE STANDARDS

A. ASME A13.1 - Scheme for the Identification of Piping Systems; 2015.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. List:  Submit list of wording, symbols, letter size, and color coding for mechanical identification.

C. Chart and Schedule:  Submit valve chart and schedule, including valve tag number, location, function,
and valve manufacturer's name and model number.

D. Product Data:  Provide manufacturers catalog literature for each product required.

E. Manufacturer's Installation Instructions:  Indicate special procedures, and installation.

F. Project Record Documents:  Record actual locations of tagged valves.

PART 2  PRODUCTS

2.1 IDENTIFICATION APPLICATIONS

A. Air Handling Units:  Nameplates.

B. Air Terminal Units:  Tags.

C. Control Panels:  Nameplates.

D. Major Control Components:  Nameplates.

E. Piping:  Tags.

F. Pumps:  Nameplates.
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G. Tanks:  Nameplates.

H. Valves:  Tags and ceiling tacks where located above lay-in ceiling.

I. Water Treatment Devices:  Nameplates.

2.2 MANUFACTURERS

A. Brady Corporation:  www.bradycorp.com.

B. Champion America, Inc:  www.Champion-America.com.

C. Seton Identification Products:  www.seton.com/aec.

D. Substitutions:  See Section 01 6000 - Product Requirements.

2.3 NAMEPLATES

A. Description:  Laminated three-layer plastic with engraved letters.
1. Letter Color:  White.
2. Letter Height:  1/4 inch.
3. Background Color:  Black.

2.4 TAGS

A. Plastic Tags:  Laminated three-layer plastic with engraved black letters on light contrasting background
color.  Tag size minimum 1-1/2 inch diameter.

B. Metal Tags:  Brass with stamped letters; tag size minimum 1-1/2 inch diameter with smooth edges.

C. Valve Tag Chart:  Typewritten letter size list in anodized aluminum frame.

2.5 PIPE MARKERS

A. Color:  Comply with ASME A13.1.

B. Plastic Pipe Markers:  Factory fabricated, flexible, semi- rigid plastic, preformed to fit around pipe or pipe
covering; minimum information indicating flow direction arrow and identification of fluid being conveyed.

2.6 CEILING TACKS

A. Description:  Steel with 3/4 inch diameter color coded head.

B. Color code as follows:
1. HVAC Equipment:  Yellow.
2. Fire Dampers and Smoke Dampers:  Red.
3. Heating/Cooling Valves:  Blue.
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PART 3  EXECUTION

3.1 PREPARATION

A. Degrease and clean surfaces to receive adhesive for identification materials.

3.2 INSTALLATION

A. Install nameplates with corrosive-resistant mechanical fasteners, or adhesive.  Apply with sufficient
adhesive to ensure permanent adhesion and seal with clear lacquer.

B. Install tags with corrosion resistant chain.

C. Install plastic pipe markers in accordance with manufacturer's instructions.

D. Install underground plastic pipe markers 6 to 8 inches below finished grade, directly above buried pipe.

E. Identify air handling units, pumps, heat transfer equipment, tanks, and water treatment devices with
plastic nameplates.  Small devices, such as in-line pumps, may be identified with tags.

F. Identify control panels and major control components outside panels with plastic nameplates.

G. Identify thermostats relating to terminal boxes or valves with nameplates.

H. Identify valves in main and branch piping with tags.

I. Locate ceiling tacks to locate valves or dampers above lay-in panel ceilings.  Locate in corner of panel
closest to equipment.

END OF SECTION
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SECTION 23 0593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Testing, adjustment, and balancing of air systems.

B. Testing, adjustment, and balancing of  refrigerating systems.

C. Measurement of final operating condition of HVAC systems.

1.2 RELATED REQUIREMENTS

A. Section 01 4000 - Quality Requirements:  Employment of testing agency and payment for services.

1.3 REFERENCE STANDARDS

A. ASHRAE Std 111 - Measurement, Testing, Adjusting, and Balancing of Building HVAC Systems; 2008.

B. NEBB (TAB) - Procedural Standards for Testing Adjusting and Balancing of Environmental Systems;
2015, with Errata (2017).

C. SMACNA (TAB) - HVAC Systems Testing, Adjusting and Balancing; 2002.

1.4 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. TAB Plan:  Submit a written plan indicating the testing, adjusting, and balancing standard to be followed
and the specific approach for each system and component.
1. Submit to DEDC, LLC.
2. Include at least the following in the plan:

a. List of all air flow, water flow, sound level, system capacity and efficiency measurements to be
performed and a description of specific test procedures, parameters, formulas to be used.

b. Copy of field checkout sheets and logs to be used, listing each piece of equipment to be
tested, adjusted and balanced with the data cells to be gathered for each.

c. Discussion of what notations and markings will be made on the duct and piping drawings
during the process.

d. Final test report forms to be used.
e. Detailed step-by-step procedures for TAB work for each system and issue, including:

1) Terminal flow calibration (for each terminal type).
2) Diffuser proportioning.
3) Branch/submain proportioning.
4) Total flow calculations.
5) Rechecking.
6) Diversity issues.

f. Expected problems and solutions, etc.
g. Details of how TOTAL flow will be determined; for example:
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1) Air:  Sum of terminal flows via control system calibrated readings or via hood readings of
all terminals, supply (SA) and return air (RA) pitot traverse, SA or RA flow stations.

2) Water:  Pump curves, circuit setter, flow station, ultrasonic, etc.
h. Confirmation of understanding of the outside air ventilation criteria under all conditions.
i. Method of verifying and setting minimum outside air flow rate will be verified and set and for

what level (total building, zone, etc.).
j. Procedures for formal deficiency reports, including scope, frequency and distribution.

C. Final Report:  Indicate deficiencies in systems that would prevent proper testing, adjusting, and balancing
of systems and equipment to achieve specified performance.
1. Revise TAB plan to reflect actual procedures and submit as part of final report.
2. Submit draft copies of report for review prior to final acceptance of Project.  Provide final copies for

DEDC, LLC and for inclusion in operating and maintenance manuals.
3. Include actual instrument list, with manufacturer name, serial number, and date of calibration.
4. Form of Test Reports:  Where the TAB standard being followed recommends a report format use

that; otherwise, follow ASHRAE Std 111.
5. Units of Measure:  Report data in both I-P (inch-pound) and SI (metric) units.
6. Include the following on the title page of each report:

a. Name of Testing, Adjusting, and Balancing Agency.
b. Address of Testing, Adjusting, and Balancing Agency.
c. Telephone number of Testing, Adjusting, and Balancing Agency.
d. Project name.
e. Project location.
f. Project Engineer.
g. Project Contractor.
h. Report date.

PART 2  PRODUCTS - NOT USED

PART 3  EXECUTION

3.1 GENERAL REQUIREMENTS

A. TAB contractor shall review all of the drawings with special attention to the controls drawings as there is
additional instruction on the drawings and sequence of operation as to how balancing shall be performed
and what information the controls contractor is required to obtain.

B. TAB contractor shall perform ductwork leak tests prior to installation of ceiling.  TAB contractor shall
schedule this work thru the mechanical contractor.

C. Perform total system balance in accordance with one of the following:
1. SMACNA (TAB).

D. Begin work after completion of systems to be tested, adjusted, or balanced and complete work prior to
Substantial Completion of the project.
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E. Where HVAC systems and/or components interface with life safety systems, including fire and smoke
detection, alarm, and control, coordinate scheduling and testing and inspection procedures with the
authorities having jurisdiction.

F. TAB Agency Qualifications:
1. Company specializing in the testing, adjusting, and balancing of systems specified in this section.
2. Certified by one of the following:

a. TABB, The Testing, Adjusting, and Balancing Bureau of National Energy Management
Institute:  www.tabbcertified.org/#sle.

G. TAB Supervisor and Technician Qualifications:  Certified by same organization as TAB agency.

3.2 EXAMINATION 

A. Verify that systems are complete and operable before commencing work.  Ensure the following
conditions:
1. Systems are started and operating in a safe and normal condition.
2. Temperature control systems are installed complete and operable.
3. Proper thermal overload protection is in place for electrical equipment.
4. Final filters are clean and in place.  If required, install temporary media in addition to final filters.
5. Duct systems are clean of debris.
6. Fans are rotating correctly.
7. Fire and volume dampers are in place and open.
8. Air coil fins are cleaned and combed.
9. Access doors are closed and duct end caps are in place.
10. Air outlets are installed and connected.
11. Duct system leakage is minimized.
12. Hydronic systems are flushed, filled, and vented.
13. Pumps are rotating correctly.
14. Proper strainer baskets are clean and in place.
15. Service and balance valves are open.

B. Submit field reports.  Report defects and deficiencies that will or could prevent proper system balance.

C. Beginning of work means acceptance of existing conditions.

3.3 PREPARATION 

A. Hold a pre-balancing meeting at least one week prior to starting TAB work.
1. Require attendance by all installers whose work will be tested, adjusted, or balanced.

B. Provide instruments required for testing, adjusting, and balancing operations.  Make instruments
available to DEDC, LLC to facilitate spot checks during testing.
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3.4 ADJUSTMENT TOLERANCES

A. Air Handling Systems:  Adjust to within plus or minus 5 percent of design for supply systems and plus or
minus 10 percent of design for return and exhaust systems.

B. Hydronic Systems:  Adjust to within plus or minus 10 percent of design.

3.5 RECORDING AND ADJUSTING 

A. Ensure recorded data represents actual measured or observed conditions.

B. Permanently mark settings of valves, dampers, and other adjustment devices allowing settings to be
restored.  Set and lock memory stops.

C. After adjustment, take measurements to verify balance has not been disrupted or that such disruption
has been rectified.

D. Leave systems in proper working order, replacing belt guards, closing access doors, closing doors to
electrical switch boxes, and restoring thermostats to specified settings.

3.6 AIR SYSTEM PROCEDURE

A. Adjust air handling and distribution systems to provide required or design supply, return, and exhaust air
quantities at site altitude.

B. Make air quantity measurements in ducts by Pitot tube traverse of entire cross sectional area of duct.

C. Measure air quantities at air inlets and outlets.

D. Adjust distribution system to obtain uniform space temperatures free from objectionable drafts and noise.

E. Use volume control devices to regulate air quantities only to extend that adjustments do not create
objectionable air motion or sound levels.  Effect volume control by duct internal devices such as dampers
and splitters.

F. Vary total system air quantities by adjustment of fan speeds.  Provide drive changes required.  Vary
branch air quantities by damper regulation.

3.7 SCOPE

A. Test, adjust, and balance the following:
1. Fire Pumps.
2. Plumbing Pumps.
3. VRF Systems
4. Packaged Roof Top Heating/Cooling Units.
5. Make-up Air Units
6. Fans.
7. Air Filters.
8. Air Inlets and Outlets.
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3.8 MINIMUM DATA TO BE REPORTED

A. Electric Motors:
1. Manufacturer.
2. Model/Frame.
3. HP/BHP.
4. Phase, voltage, amperage; nameplate, actual, no load.
5. RPM.
6. Service factor.
7. Sheave Make/Size/Bore.

B. V-Belt Drives:
1. Identification/location.
2. Required driven RPM.
3. Driven sheave, diameter and RPM.
4. Belt, size and quantity.
5. Motor sheave diameter and RPM.
6. Center to center distance, maximum, minimum, and actual.

C. Pumps:
1. Identification/number.
2. Manufacturer.
3. Size/model.
4. Impeller.
5. Service.
6. Design flow rate, pressure drop, BHP.
7. Actual flow rate, pressure drop, BHP.
8. Discharge pressure.
9. Suction pressure.
10. Total operating head pressure.

D. Air Cooled Condensers:
1. Identification/number.
2. Location.
3. Manufacturer.
4. Model number.
5. Serial number.
6. Entering DB air temperature, design and actual.
7. Leaving DB air temperature, design and actual.
8. Number of compressors.

E. Cooling Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
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5. Air flow, design and actual.
6. Entering air DB temperature, design and actual.
7. Entering air WB temperature, design and actual.
8. Leaving air DB temperature, design and actual.
9. Leaving air WB temperature, design and actual.
10. Water flow, design and actual.
11. Water pressure drop, design and actual.
12. Entering water temperature, design and actual.
13. Leaving water temperature, design and actual.
14. Saturated suction temperature, design and actual.
15. Air pressure drop, design and actual.

F. Heating Coils:
1. Identification/number.
2. Location.
3. Service.
4. Manufacturer.
5. Air flow, design and actual.
6. Water flow, design and actual.
7. Water pressure drop, design and actual.
8. Entering water temperature, design and actual.
9. Leaving water temperature, design and actual.
10. Entering air temperature, design and actual.
11. Leaving air temperature, design and actual.
12. Air pressure drop, design and actual.

G. Air Moving Equipment:
1. Location.
2. Manufacturer.
3. Model number.
4. Serial number.
5. Arrangement/Class/Discharge.
6. Air flow, specified and actual.
7. Return air flow, specified and actual.
8. Outside air flow, specified and actual.
9. Total static pressure (total external), specified and actual.
10. Inlet pressure.
11. Discharge pressure.
12. Sheave Make/Size/Bore.
13. Number of Belts/Make/Size.
14. Fan RPM.

H. Return Air/Outside Air:
1. Identification/location.
2. Design air flow.
3. Actual air flow.
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4. Design return air flow.
5. Actual return air flow.
6. Design outside air flow.
7. Actual outside air flow.
8. Return air temperature.
9. Outside air temperature.
10. Required mixed air temperature.
11. Actual mixed air temperature.
12. Design outside/return air ratio.
13. Actual outside/return air ratio.

I. Exhaust Fans:
1. Location.
2. Manufacturer.
3. Model number.
4. Serial number.
5. Air flow, specified and actual.
6. Total static pressure (total external), specified and actual.
7. Inlet pressure.
8. Discharge pressure.
9. Sheave Make/Size/Bore.
10. Number of Belts/Make/Size.
11. Fan RPM.

J. Duct Traverses:
1. System zone/branch.
2. Duct size.
3. Area.
4. Design velocity.
5. Design air flow.
6. Test velocity.
7. Test air flow.
8. Duct static pressure.
9. Air temperature.
10. Air correction factor.

K. Duct Leak Tests:
1. Description of ductwork under test.
2. Duct design operating pressure.
3. Duct design test static pressure.
4. Duct capacity, air flow.
5. Maximum allowable leakage duct capacity times leak factor.
6. Test apparatus:

a. Blower.
b. Orifice, tube size.
c. Orifice size.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

TESTING, ADJUSTING, AND BALANCING FOR HVAC 23 0593 - 8

d. Calibrated.
7. Test static pressure.
8. Test orifice differential pressure.
9. Leakage.

L. Terminal Unit Data:
1. Manufacturer.
2. Type, constant, variable, single, dual duct.
3. Identification/number.
4. Location.
5. Model number.
6. Size.
7. Minimum static pressure.
8. Minimum design air flow.
9. Maximum design air flow.
10. Maximum actual air flow.
11. Inlet static pressure.

END OF SECTION
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SECTION 23 0713 - DUCT INSULATION

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Glass Fiber, Flexible.

B. Glass Fiber, Rigid

C. Jackets.

D. Duct insulation.

E. Insulation jackets.

1.2 RELATED REQUIREMENTS

A. Section 23 0553 - Identification for HVAC Piping and Equipment.

B. Section 23 3100 - HVAC Ducts and Casings

1.3 REFERENCE STANDARDS

A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 2014.

B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate (Metric); 2014.

C. ASTM C518 - Standard Test Method for Steady-State Thermal Transmission Properties by Means of the
Heat Flow Meter Apparatus; 2017.

D. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular Thermal
Insulation in Sheet and Tubular Form; 2016.

E. ASTM C553 - Standard Specification for Mineral Fiber Blanket Thermal Insulation for Commercial and
Industrial Applications; 2013.

F. ASTM C612 - Standard Specification for Mineral Fiber Block and Board Thermal Insulation; 2014.

G. ASTM C1071 - Standard Specification for Fibrous Glass Duct Lining Insulation (Thermal and Sound
Absorbing Material); 2016.

H. ASTM C1338 - Standard Test Method for Determining Fungi Resistance of Insulation Materials and
Facings; 2014.

I. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2018b.

J. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016.

K. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 2009).
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L. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current Edition,
Including All Revisions.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide product description, thermal characteristics, list of materials and thickness for
each service, and locations.

1.5 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type specified in this
section with not less than three years of documented experience.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site in original factory packaging, labelled with manufacturer's identification, including
product density and thickness.

B. Protect insulation from weather and construction traffic, dirt, water, chemical, and mechanical damage,
by storing in original wrapping.

1.7 FIELD CONDITIONS

A. Maintain ambient temperatures and conditions required by manufacturers of adhesives, mastics, and
insulation cements.

B. Maintain temperature during and after installation for minimum period of 24 hours.

PART 2  PRODUCTS

2.1 REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, maximum, when
tested in accordance with ASTM E84 or UL 723.

2.2 GLASS FIBER, FLEXIBLE

A. Manufacturer:
1. Johns Manville; _______:  www.jm.com/#sle.
2. Owens Corning Corporation; ______:  www.ocbuildingspec.com/#sle.

B. Insulation:  ASTM C553; flexible, noncombustible blanket.
1. K value:  0.36 at 75 degrees F, when tested in accordance with ASTM C518.
2. Minimum Density of 1.0 PCF.

C. Vapor Barrier Jacket:
1. 0.0032 inch vinyl.
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2. Moisture Vapor Permeability:  1.3 perm inch, when tested in accordance with ASTM E96/E96M.
3. Secure with pressure sensitive tape.

2.3 GLASS FIBER, RIGID

A. Manufacturer:
1. Johns Manville; _______:  www.jm.com/#sle.
2. Owens Corning Corp:  www.owenscorning.com.

B. Insulation:  ASTM C612; rigid, noncombustible blanket.
1. K Value:  0.24 at 75 degrees F, when tested in accordance with ASTM C518.
2. Maximum Service Temperature:  450 degrees F.
3. Maximum Water Vapor Absorption:  5.0 percent.
4. Maximum Density:  8.0 lb/cu ft.

C. Vapor Barrier Jacket:
1. 0.0032 inch vinyl.
2. Moisture Vapor Permeability:  0.02 perm inch, when tested in accordance with ASTM E96/E96M.

2.4 FLEXIBLE ELASTOMERIC CELLULAR INSULATION

A. Manufacturers:
1. Aeroflex USA, Inc; Aerocel Sheet and Roll with PSA:  www.aeroflexusa.com/#sle.
2. Armacell LLC; ArmaFlex Ultra with FlameDefense:  www.armacell.us/#sle.
3. K-Flex USA LLC; Insul-Sheet:  www.kflexusa.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM C534/C534M
Grade 1, in sheet form.
1. Minimum Service Temperature:  Minus 40 degrees F.
2. Maximum Service Temperature:  180 degrees F.
3. Connection:  Waterproof vapor barrier adhesive.

2.5 JACKETS

A. Aluminum Jacket:  ASTM B209 (ASTM B209M).
1. Thickness:  0.016 inch sheet.
2. Finish:  Smooth.
3. Joining:  Longitudinal slip joints and 2 inch laps.
4. Fittings:  0.016 inch thick die shaped fitting covers with factory attached protective liner.
5. Metal Jacket Bands:  3/8 inch wide; 0.010 inch thick stainless steel.

B. Flexible Weather-Proofing Outdoor Jacket:  Self-healing, field-applied outdoor cladding.
1. Material:  Aluminum foil/polymer laminate with rubberized asphalt layer and acrylic adhesive.
2. Thickness:  34 mils.
3. Finish:  Smooth.
4. Color:  White.
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5. Water Vapor Transmission:  0.002 perm inch, maximum, when tested in accordance with ASTM
E96/E96M.

6. Mold Resistance:  Pass when tested in accordance with ASTM C1338.

C. PVC Plastic.
1. Manufacturers:

a. Johns Manville Corporation;www.jm.com.
b. KFlexUSA
c. b. Substitutions: See Section 01 6000 - Product Requirements.

2. Jacket: One piece molded type fitting covers and sheet material, white
a. Minimum Service Temperature: 0 degrees F.
b. Maximum Service Temperature: 150 degrees F.
c. Moisture Vapor Permeability: 0.002 perm inch, maximum, when tested
 in accordance with ASTM E96/E96M.
d. Thickness: 12 mil.
e. Connections: Brush on welding adhesive.

PART 3  EXECUTION

3.1 EXAMINATION

A. Test ductwork for design pressure prior to applying insulation materials.

B. Verify that surfaces are clean, foreign material removed, and dry.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.
1. For rigid polyisocyanurate, installation shall only be completed by manufacturer licensed

contractors.

B. Insulated Ducts Conveying Air Below Ambient Temperature:
1. Provide insulation with vapor barrier jackets.
2. Finish with tape and vapor barrier jacket.
3. Continue insulation through walls, sleeves, hangers, and other duct penetrations.
4. Insulate entire system, including fittings, joints, flanges, fire dampers, flexible connections, and

expansion joints.

C. Insulated Ducts Conveying Air Above Ambient Temperature:
1. Provide with or without standard vapor barrier jacket.
2. Insulate fittings and joints.  Where service access is required, bevel and seal ends of insulation.

D. Ducts Exposed in Mechanical Equipment Rooms or Finished Spaces ________:  Finish with PVC Jacket
(see section above).

E. Exterior Applications:  Provide insulation with Aluminum or Flexible Weather Proofing Outdoor jacket. 
See section above _______.

F. External Duct Insulation Application:
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1. Secure insulation with vapor barrier with wires and seal jacket joints with vapor barrier adhesive or
tape to match jacket.

2. Secure insulation without vapor barrier with staples, tape, or wires.
3. Install without sag on underside of duct.  Use adhesive or mechanical fasteners where necessary to

prevent sagging.  Lift duct off trapeze hangers and insert spacers.
4. Seal vapor barrier penetrations by mechanical fasteners with vapor barrier adhesive.
5. Stop and point insulation around access doors and damper operators to allow operation without

disturbing wrapping.

3.3 SCHEDULES

A. All supply and return air ducts and plenums shall be insulated with a minimum of R-6 insulation when
located in unconditioned spaces and a minimum of R-8 insulation when located outside the building.
When located within a building assembly, the duct or plenum shall be separated from the building exterior
or unconditioned or exempt spaces by a minimum of R-8 insulation.
1. Exceptions

a. When located within equipment
b. When the design temperature difference between the interior and exterior of the duct or

plenum does not exceed 15°F (8°C).

B. All exposed exterior duct to be insulated / jacketed

C. All ducts, air handlers and filter boxes shall be sealed. Joints and seams shall comply with Section 603.9
of the International Mechanical Code.

END OF SECTION
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SECTION 23 0719 - HVAC PIPING INSULATION

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Piping insulation.

B. Flexible removable and reusable blanket insulation.

C. Jackets and accessories.

D. Engineered wall outlet seals and refrigerant piping insulation protection.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 23 2300 - Refrigerant Piping:  Placement of inserts.

1.3 REFERENCE STANDARDS

A. ASTM B209 - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate; 2014.

B. ASTM B209M - Standard Specification for Aluminum and Aluminum-Alloy Sheet and Plate (Metric); 2014.

C. ASTM C177 - Standard Test Method for Steady-State Heat Flux Measurements and Thermal
Transmission Properties by Means of the Guarded-Hot-Plate Apparatus; 2013.

D. ASTM C534/C534M - Standard Specification for Preformed Flexible Elastomeric Cellular Thermal
Insulation in Sheet and Tubular Form; 2016.

E. ASTM C547 - Standard Specification for Mineral Fiber Pipe Insulation; 2017.

F. ASTM C795 - Standard Specification for Thermal Insulation for Use in Contact with Austenitic Stainless
Steel; 2008 (Reapproved 2018).

G. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2018b.

H. ASTM E96/E96M - Standard Test Methods for Water Vapor Transmission of Materials; 2016.

I. ASTM G21 - Standard Practice for Determining Resistance of Synthetic Polymeric Materials to Fungi;
2015.

J. ASTM G153 - Standard Practice for Operating Enclosed Carbon Arc Light Apparatus for Exposure of
Nonmetallic Materials; 2013.

K. UL 723 - Standard for Test for Surface Burning Characteristics of Building Materials; Current Edition,
Including All Revisions.
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1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide product description, thermal characteristics, list of materials and thickness for
each service, and locations.

1.5 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the Products specified in this
section with not less than three years of documented experience.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Accept materials on site, labeled with manufacturer's identification, product density, and thickness.

1.7 FIELD CONDITIONS

A. Maintain ambient conditions required by manufacturers of each product.

B. Maintain temperature before, during, and after installation for minimum of 24 hours.

PART 2  PRODUCTS

2.1 REGULATORY REQUIREMENTS

A. Surface Burning Characteristics:  Flame spread index/Smoke developed index of 25/50, maximum, when
tested in accordance with ASTM E84 or UL 723.

2.2 GLASS FIBER, RIGID

A. Manufacturers:
1. CertainTeed Corporation; ______:  www.certainteed.com/#sle.
2. Johns Manville Corporation; ______:  www.jm.com/#sle.
3. Knauf Insulation; Earthwool 1000 Degree Pipe Insulation:  www.knaufinsulation.com/#sle.

B. Insulation:  ASTM C547 and ASTM C795; rigid molded, noncombustible.
1. K Value:  ASTM C177, 0.24 at 75 degrees F.
2. Maximum Service Temperature:  850 degrees F.
3. Maximum Moisture Absorption:  0.2 percent by volume.

C. Insulation:  ASTM C547 and ASTM C795; semi-rigid, noncombustible, end grain adhered to jacket.
1. Maximum Service Temperature:  650 degrees F.
2. Maximum Moisture Absorption:  0.2 percent by volume.

D. Vapor Barrier Jacket:  White kraft paper with glass fiber yarn, bonded to aluminized film; moisture vapor
transmission when tested in accordance with ASTM E96/E96M of 0.02 perm-inches.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HVAC PIPING INSULATION 23 0719 - 3

2.3 EPDM FLEXIBLE ELASTOMERIC CELLULAR INSULATION

A. Manufacturers:
1. Armacell LLC; ArmaFlex Ultra with FlameDefense:  www.armacell.us/#sle.
2. K-Flex USA LLC; K-Flex Titan:  www.kflexusa.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Insulation:  Preformed flexible elastomeric cellular rubber insulation complying with ASTM C534/C534M
Grade 1; use molded tubular material wherever possible.
1. Minimum Service Temperature:  Minus 40 degrees F.
2. Maximum Normal Service Temperature:  220 degrees F.
3. Maximum "Upset Condition" Service Temperature: 250 degrees F for 10hr duration without

degredation.
4. Connection:  Waterproof vapor barrier adhesive.

2.4 JACKETS

A. PVC Plastic.
1. Manufacturers:

a. Johns Manville Corporation; :  www.jm.com/#sle.
b. K-Flex USA.
c. Substitutions:  See Section 01 6000 - Product Requirements.

2. Jacket:  One piece molded type fitting covers and sheet material, white color.
a. Minimum Service Temperature:  0 degrees F.
b. Maximum Service Temperature:  150 degrees F.
c. Moisture Vapor Permeability:  0.002 perm inch, maximum, when tested in accordance with

ASTM E96/E96M.
d. Thickness:  10 mil.
e. Connections:  Brush on welding adhesive.

B. Aluminum Jacket:  ASTM B209 (ASTM B209M) formed aluminum sheet.
1. Thickness:  0.016 inch sheet.
2. Finish:  Smooth.
3. Joining:  Longitudinal slip joints and 2 inch laps.
4. Fittings:  0.016 inch thick die shaped fitting covers with factory attached protective liner.
5. Metal Jacket Bands:  3/8 inch wide; 0.015 inch thick aluminum.

2.5 ENGINEERED WALL OUTLET SEALS AND REFRIGERANT PIPING INSULATION PROTECTION

A. Manufacturers:
1. Airex Manufacturing, Inc; :  www.airexmfg.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Basis of Design:  Airex Manufacturing, Inc; www.airexmfg.com/#sle.
1. Pipe Penetration Wall Seal:  Airex Titan Outlet.
2. Refrigeration Pipe Insulation Protection System:  Airex E-Flex Guard.
3. Pipe Penetration Wall Seal and Insulation Protection System:  Airex Pro-System Kit.
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C. Pipe Penetration Wall Seal:  Seals HVAC piping wall penetrations with compression gasket wall mounted
rigid plastic outlet cover.
1. Outlet Cover Color:  Gray.

D. Pipe strut / hanger insulation
1. Hydra-Zorb "Klo-Shure" Series 8, or 9 strut mounts
2. Hydra-Zorb TRH Hanger system
3. Substitutions:  See Section 01600 - Product Requirements

E. Insulation Protection System:  Refrigerant piping insulation PVC protective cover.
1. PVC Insulation Cover Color:  White with full-length velcro fastener.
2. Weatherization and Ultraviolet Exposure Protection:  Comply with ASTM G153.
3. Water/Vapor Permeability:  Comply with ASTM E96/E96M.
4. Anti-Fungal and Anti-Microbial Resistance:  Comply with ASTM G21.
5. Flame Spread and Smoke Development Rating of 24/450:  Comply with ASTM E84 or UL 723.

PART 3  EXECUTION

3.1 EXAMINATION

A. Test piping for design pressure, liquid tightness, and continuity prior to applying insulation materials.

B. Verify that surfaces are clean and dry, with foreign material removed.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Exposed Piping:  Locate insulation and cover seams in least visible locations.

C. Insulated Pipes Conveying Fluids Below Ambient Temperature:
1. Insulate entire system, including fittings, valves, unions, flanges, strainers, flexible connections,

pump bodies, and expansion joints.

D. Glass Fiber Insulated Pipes Conveying Fluids Below Ambient Temperature:
1. Provide vapor barrier jackets, factory-applied or field-applied; secure with self-sealing longitudinal

laps and butt strips with pressure sensitive adhesive.  Secure with outward clinch expanding
staples and vapor barrier mastic.

2. Insulate fittings, joints, and valves with molded insulation of like material and thickness as adjacent
pipe.  Finish with glass cloth and vapor barrier adhesive or PVC fitting covers.

E. For hot piping conveying fluids 140 degrees F or less, do not insulate flanges and unions at equipment,
but bevel and seal ends of insulation.

F. For hot piping conveying fluids over 140 degrees F, insulate flanges and unions at equipment.

G. Glass Fiber Insulated Pipes Conveying Fluids Above Ambient Temperature:
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1. Provide standard jackets, with or without vapor barrier, factory-applied, or field-applied.  Secure with
self-sealing longitudinal laps and butt strips with pressure-sensitive adhesive.  Secure with outward
clinch expanding staples.

2. Insulate fittings, joints, and valves with insulation of like material and thickness as adjoining pipe. 
Finish with glass cloth and adhesive or PVC fitting covers.

H. Continue insulation through walls, sleeves, pipe hangers, and other pipe penetrations.  Finish at
supports, protrusions, and interruptions.  At fire separations, see Section 07 8400.

I. Pipe Exposed in Finished Spaces or Mechanical Rooms:  Finish with insulation and white PVC Jacket
(see above)

J. Exterior Applications:  Provide vapor barrier jacket.  Insulate fittings, joints, and valves with insulation of
like material and thickness as adjoining pipe, and finish with glass mesh reinforced vapor barrier cement. 
Cover with PVC (with UV protection) or Aluminum jacket with seams located on bottom side of horizontal
piping.

3.3 SCHEDULE

A. Heating Systems:
1. Heating Water Supply and Return: Glass Fiber or Elastomeric Cellular (thickness as required by

IECC)
2. Glycol Heating Supply and Return: Glass Fiber or Elastomeric Cellular (thickness as required by

IECC)

B. VRV/VRF Piping
1. High Pressure Vapor Line up to <1" diameter: 1.5" thick EPDM Flexible Elastomeric Cellular
2. Low Pressure Vapor Line up to <1" diameter:  1.0" thick EPDM Flexible Elastomeric Cellular
3. Liquid Line up to <1" diameter:  1.0" thick EPDM Flexible Elastomeric Cellular

C. Condensate Drains from Cooling Coils: 1/2" EPDM Flexible Elastomeric Celluar Insulation

END OF SECTION
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SECTION 23 0800 - COMMISSIONING OF HVAC

PART 1  GENERAL

1.1 SUMMARY

A. See Section 01 9113 - General Commissioning Requirements for overall objectives; comply with the
requirements of Section 01 9113.

B. The Commissioning Authority (CA) directs and coordinates all commissioning activities and provides
Prefunctional Checklists and Functional Test Procedures for Contractor's use.

C. The following HVAC equipment is to be commissioned, including commissioning activities for the
following specific items:
1. Control system.
2. Piping systems and equipment.
3. Radiant heating systems
4. CO/NO2 monitoring & exhaust system
5. VRV systems
6. DOAS units
7. Kitchen MAU, Hoods, EFs, Ansul systems
8. Other equipment and systems explicitly identified elsewhere in Contract Documents as requiring

commissioning.

1.2 REFERENCE STANDARDS

A. ASHRAE Guideline 1.1 - The HVAC Commissioning Process; 2007

1.3 SUBMITTALS

A. Updated Submittals:  Keep the Commissioning Authority informed of all changes to control system
documentation made during programming and setup; revise and resubmit when substantial changes are
made.

B. Draft Prefunctional Checklists and Functional Test Procedures for Control System:  Detailed written plan
indicating the procedures to be followed to test, checkout and adjust the control system prior to full
system Functional Testing; include at least the following for each type of equipment controlled:

C. Contractor shall draft Prefunctional Checklists and Functional Test Procedures for systems being
commissioned:  Detailed written plan indicating the procedures to be followed to test, checkout and
adjust the control system prior to full system Functional Testing; include at least the following for each
type of equipment controlled:
1. System name.
2. List of devices.
3. Step-by-step procedures for testing each controller after installation, including:

a. Process of verifying proper hardware and wiring installation.
b. Process of downloading programs to local controllers and verifying that they are addressed

correctly.
c. Process of performing operational checks of each controlled component.
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d. Plan and process for calibrating valve and damper actuators and all sensors.
e. Description of the expected field adjustments for transmitters, controllers and control actuators

should control responses fall outside of expected values.
4. Copy of proposed log and field checkout sheets to be used to document the process; include space

for initial and final read values during calibration of each point and space to specifically indicate
when a sensor or controller has “passed” and is operating within the contract parameters.

5. Description of the instrumentation required for testing.
6. Indicate what tests on what systems should be completed prior to TAB using the control system for

TAB work.  Coordinate with the Commissioning Authority and TAB contractor for this determination.

D. Startup Reports, Prefunctional Checklists, and Trend Logs:  Submit for approval of Commissioning
Authority.

E. HVAC Control System O&M Manual Requirements.  In addition to documentation specified elsewhere,
compile and organize at minimum the following data on the control system:
1. Specific step-by-step instructions on how to perform and apply all functions, features, modes, etc.

mentioned in the controls training sections of this specification and other features of this system. 
Provide an index and clear table of contents.  Include the detailed technical manual for
programming and customizing control loops and algorithms.

2. Full as-built set of control drawings.
3. Full as-built sequence of operations for each piece of equipment.
4. Full points list; in addition to the information on the original points list submittal, include a listing of

all rooms with the following information for each room:
a. Floor.
b. Room number.
c. Room name.
d. Air handler unit ID.
e. Reference drawing number.
f. Air terminal unit tag ID.
g. Heating and/or cooling valve tag ID.
h. Minimum air flow rate.
i. Maximum air flow rate.

5. Full print out of all schedules and set points after testing and acceptance of the system.
6. Full as-built print out of software program.
7. Electronic copy on disk of the entire program for this facility.
8. Marking of all system sensors and thermostats on the as-built floor plan and HVAC drawings with

their control system designations.
9. Maintenance instructions, including sensor calibration requirements and methods by sensor type,

etc.
10. Control equipment component submittals, parts lists, etc.
11. Warranty requirements.
12. Copies of all checkout tests and calibrations performed by the Contractor (not commissioning

tests).
13. Organize and subdivide the manual with permanently labeled tabs for each of the following data in

the given order:
a. Sequences of operation.
b. Control drawings.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

COMMISSIONING OF HVAC 23 0800 - 3

c. Points lists.
d. Controller and/or module data.
e. Thermostats and timers.
f. Sensors and DP switches.
g. Valves and valve actuators.
h. Dampers and damper actuators.
i. Program setups (software program printouts).

F. Project Record Documents:  See Section 01 7800 for additional requirements.
1. Submit updated version of control system documentation, for inclusion with operation and

maintenance data.
2. Show actual locations of all static and differential pressure sensors (air, water and building

pressure) and air-flow stations on project record drawings. 

G. Draft Training Plan:  In addition to requirements specified in Section 01 7900, include:
1. Follow the recommendations of ASHRAE Guideline 1.1.
2. Control system manufacturer's recommended training.
3. Demonstration and instruction on function and overrides of any local packaged controls not

controlled by the HVAC control system.

H. Training Manuals:  See Section 01 7900 for additional requirements.
1. Provide three extra copies of the controls training manuals in a separate manual from the O&M

manuals.

PART 2  PRODUCTS

2.1 TEST EQUIPMENT

A. Provide all standard testing equipment required to perform startup and initial checkout and required
functional performance testing; unless otherwise noted such testing equipment will NOT become the
property of Owner.

B. Equipment-Specific Tools:  Where special testing equipment, tools and instruments are specific to a
piece of equipment, are only available from the vendor, and are required in order to accomplish startup or
Functional Testing, provide such equipment, tools, and instruments as part of the work at no extra cost to
Owner; such equipment, tools, and instruments are to become the property of Owner.

PART 3  EXECUTION

3.1 PREPARATION

A. Furnish additional information requested by the Commissioning Authority.

B. Prepare a preliminary schedule for HVAC pipe and duct system testing, flushing and cleaning, equipment
start-up and testing, adjusting, and balancing start and completion for use by the Commissioning
Authority; update the schedule as appropriate.

C. Notify the Commissioning Authority when pipe and duct system testing, flushing, cleaning, startup of
each piece of equipment and testing, adjusting, and balancing will occur; when commissioning activities
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not yet performed or not yet scheduled will delay construction notify ahead of time and be proactive in
seeing that the Commissioning Authority has the scheduling information needed to efficiently execute the
commissioning process.

D. Put all HVAC equipment and systems into operation and continue operation during each working day of
testing, adjusting, and balancing and commissioning, as required.

E. Provide test holes in ducts and plenums where directed to allow air measurements and air balancing;
close with an approved plug.

F. Provide temperature and pressure taps in accordance with Contract Documents.
1. Provide a pressure/temperature plug at each water sensor that is an input point to the control

system.

3.2 INSPECTING AND TESTING - GENERAL

A. Submit startup plans, startup reports, and Prefunctional Checklists for each item of equipment or other
assembly to be commissioned.

B. Perform the Functional Tests directed by the Commissioning Authority for each item of equipment or
other assembly to be commissioned.

C. Deficiencies:  Correct deficiencies and re-inspect or re-test, as applicable, at no extra cost to Owner.

3.3 TAB COORDINATION

A. TAB:  Testing, adjusting, and balancing of HVAC.

B. Coordinate commissioning schedule with TAB schedule.

C. Review the TAB plan to determine the capabilities of the control system toward completing TAB.

D. Have all required Prefunctional Checklists, calibrations, startup and component Functional Tests of the
system completed and approved by the Commissioning Authority prior to starting TAB.

3.4 CONTROL SYSTEM FUNCTIONAL TESTING

A. Do not start Functional Testing until all controlled components have themselves been successfully
Functionally Tested in accordance with Contract Documents.

B. Using a skilled technician who is familiar with this building, execute the Functional Testing of the control
system as required by the Commissioning Authority.

C. Functional Testing of the control system constitutes demonstration .

D. Functionally Test integral or stand-alone controls in conjunction with the Functional Tests of the
equipment they are attached to, including any interlocks with other equipment or systems; further testing
during control system Functional Test is not required unless specifically indicated below.
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E. Demonstrate the following to the Commissioning Authority during testing of controlled equipment;
coordinate with commissioning of equipment.
1. Setpoint changing features and functions.
2. Sensor calibrations.

F. If the control system, integral control components, or related equipment do not respond to changing
conditions and parameters appropriately as expected, as specified and according to acceptable operating
practice, under any of the conditions, sequences, or modes tested, correct all systems, equipment,
components, and software required at no additional cost to Owner.

3.5 OPERATION AND MAINTENANCE MANUALS

A. Add design intent documentation furnished by DEDC, LLC to manuals prior to submission to Owner.

B. Submit manuals related to items that were commissioned to Commissioning Authority for review; make
changes recommended by Commissioning Authority.

C. Commissioning Authority will add commissioning records to manuals after submission to Owner.

3.6 DEMONSTRATION AND TRAINING

A. Demonstrate operation and maintenance of HVAC system to Owner' personnel; if during any
demonstration, the system fails to perform in accordance with the information included in the O&M
manual, stop demonstration, repair or adjust, and repeat demonstration.  Demonstrations may be
combined with training sessions if appropriate.

B. These demonstrations are in addition to, and not a substitute for, Prefunctional Checklists and
demonstrations to the Commissioning Authority during Functional Testing.

C. Provide hands-on training of Owner's designated personnel on operation and maintenance of the HVAC
system, control system, and all equipment items indicated to be commissioned.

D. TAB Review:  Instruct Owner's personnel for minimum 2 hours, after completion of TAB, on the following:
1. Review final TAB report, explaining the layout and meanings of each data type.
2. Discuss any outstanding deficient items in control, ducting or design that may affect the proper

delivery of air or water.
3. Identify and discuss any terminal units, duct runs, diffusers, coils, fans and pumps that are close to

or are not meeting their design capacity.
4. Discuss any temporary settings and steps to finalize them for any areas that are not finished.
5. Other salient information that may be useful for facility operations, relative to TAB.

E. Provide the services of manufacturer representatives to assist instructors where necessary.

F. Provide the services of the HVAC controls instructor at other training sessions, when requested, to
discuss the interaction of the controls system as it relates to the equipment being discussed.

END OF SECTION
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SECTION 23 2113 - HYDRONIC PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Hydronic system requirements.

B. Heating water and glycol piping, above grade.

C. Pipe and pipe fittings for:
1. Heating water piping system.
2. Equipment drains and overflows.

D. Pipe hangers and supports.

E. Unions, flanges, mechanical couplings, and dielectric connections.

1.2 RELATED REQUIREMENTS

A. Section 23 0548.01 - Vibration and Seismic Controls for HVAC.

B. Section 23 0553 - Identification for HVAC Piping and Equipment.

C. Section 23 0719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS

A. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing
Procedures; Welders; Brazers; and Welding, Brazing and Fusing Operators; 2017.

B. ASME B16.18 - Cast Copper Alloy Solder Joint Pressure Fittings; 2012.

C. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2018.

D. ASME B31.9 - Building Services Piping; 2014.

E. ASME B16.22 - Wrought Copper and Copper Alloy Solder Joint Pressure Fittings; The American Society
of Mechanical Engineers; 2001 (R2005).

F. ASME B31.9 - Building Services Piping; The American Society of Mechanical Engineers; 2008
(ANSI/ASME B31.9).

G. ASTM A53/A53M - Standard Specification for Pipe, Steel, Black and Hot-Dipped, Zinc-Coated, Welded
and Seamless; 2018.

H. ASTM A106/A106M - Standard Specification for Seamless Carbon Steel Pipe for High-Temperature
Service; 2015.

I. ASTM A536 - Standard Specification for Ductile Iron Castings; 1984 (Reapproved 2014).
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J. ASTM B32 - Standard Specification for Solder Metal; 2008 (Reapproved 2014).

K. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2016.

L. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2016.

M. ASTM D1785 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe, Schedules 40, 80, and
120; 2015, with Editorial Revision (2018).

N. ASTM D2000 - Standard Classification System for Rubber Products in Automotive Applications; 2018.

O. ASTM D2241 - Standard Specification for Poly (Vinyl Chloride) (PVC) Pressure-Rated Pipe (SDR Series);
2015.

P. ASTM D2466 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 40;
2017.

Q. ASTM D2467 - Standard Specification for Poly(Vinyl Chloride) (PVC) Plastic Pipe Fittings, Schedule 80;
2015.

R. ASTM D2855 - Standard Practice for the Two-Step (Primer & Solvent Cement) Method of Joining Poly
(Vinyl Chloride) (PVC) or Chlorinated Poly (Vinyl Chloride) (CPVC) Pipe and Piping Components with
Tapered Sockets; 2015.

S. ASTM F708 - Standard Practice for Design and Installation of Rigid Pipe Hangers; 1992,with Editiorial
Revision (2018).

T. AWWA C606 - Grooved and Shouldered Joints; 2015.

U. AWWA C606 - Standard Specification for Grooved and Shouldered Joints; American Water Works
Association; 2006.

V. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, Application, and
Installation; 2009.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the work of this
section; require attendance by all affected installers.

B. Sequencing:  Ensure that utility connections are achieved in an orderly and expeditious manner.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Include data on pipe materials, pipe fittings, valves, and accessories.  Provide
manufacturers catalogue information.  Indicate valve data and ratings.

C. Welders Certificate:  Include welders certification of compliance with ASME BPVC-IX.
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D. Product Data:
1. Include data on pipe materials, pipe fittings, valves, and accessories.
2. Provide manufacturers catalog information.
3. Indicate valve data and ratings.
4. Show grooved joint couplings, fittings, valves, and specialties on drawings and product submittals,

specifically identified with the manufacturer's style or series designation.

E. Manufacturer's Installation Instructions:  Indicate hanging and support methods, joining procedures.

F. Project Record Documents:  Record actual locations of valves.

G. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. Valve Repacking Kits:  One for each type and size of valve.

1.6 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing products of the type specified in this
section, with minimum three years of documented experience.

B. Installer Qualifications:  Company specializing in performing work of the type specified in this section,
with minimum 5 years of experience.

C. Provide all grooved joint couplings, fittings, valves, specialties, and grooving tools from a single
manufacturer.

D. Welder Qualifications:  Certify in accordance with ASME BPVC-IX.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.

B. Provide temporary protective coating on cast iron and steel valves.

C. Provide temporary end caps and closures on piping and fittings.  Maintain in place until installation.

D. Protect piping systems from entry of foreign materials by temporary covers, completing sections of the
work, and isolating parts of completed system.

1.8 FIELD CONDITIONS

A. Do not install underground piping when bedding is wet or frozen.

PART 2  PRODUCTS

2.1 HYDRONIC SYSTEM REQUIREMENTS

A. Comply with ASME B31.9 and applicable federal, state, and local regulations.

B. Piping:  Provide piping, fittings, hangers, and supports as required, as indicated, and as follows:
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1. Where more than one piping system material is specified, provide joining fittings that are
compatible with piping materials and ensure that the integrity of the system is not jeopardized. 

2. Use non-conducting dielectric connections whenever jointing dissimilar metals.  Provide shut off
valve to allow for replacement of the fitting without draining the entire system.  The shut off valve
shall be constructed of the material matching the pipe it's on.

3. Grooved mechanical joints may be used in any location.
a. Grooved mechanical connections and joints comply with AWWA C606.

1) Ductile Iron: Comply with ASTM A536, Grade 65-45-12.
2) Steel: Comply with ASTM A106/A106M, Grade B or ASTM A53/A53M.

b. Use gaskets of molded synthetic rubber with central cavity, pressure-responsive configuration,
and complying with ASTM D2000, Grade 2CA615A15B44F17Z for circulating medium up to
maximum 230 degrees F or Grade M3BA610A15B44Z for circulating medium up to maximum
200 degrees F.

4. Provide pipe hangers and supports in accordance with ASME B31.9 or MSS SP-58 unless
indicated otherwise.

5. Provide pipe hangers and supports in accordance with ASME B31.9 unless indicated otherwise.

C. Pipe-to-Valve and Pipe-to-Equipment Connections:  Use flanges, unions, or grooved couplings to allow
disconnection of components for servicing; do not use direct welded, soldered, or threaded connections.
1. Where grooved joints are used in piping, provide grooved valve/equipment connections if available;

if not available, provide flanged ends and grooved flange adapters.

D. Valves:  Provide valves where indicated:
1. Provide drain valves where indicated, and if not indicated, provide at least at main shut-off, low

points of piping, bases of vertical risers, and at equipment. Use 3/4 inch gate valves with cap; pipe
to nearest floor drain.

2. Isolate equipment using butterfly valves with lug end flanges or grooved mechanical couplings.
3. For throttling, bypass, or manual flow control services, use globe valves.
4. For throttling and isolation service in chilled and condenser water systems, use only butterfly

valves.
5. In heating water systems, butterfly valves may be used interchangeably with gate and globe valves.
6. For shut-off and to isolate parts of systems or vertical risers, use gate, ball, or butterfly valves.

E. Welding Materials and Procedures:  Comply with ASME BPVC-IX.

2.2 CONDENSATE PIPING, ABOVE GRADE

A. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn; using one of the following joint types:
1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper fittings.

a. Solder:  ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.
2. Grooved Joints:  AWWA C606 grooved tube, fittings of same material, and copper-tube-dimension

mechanical couplings.
3. Tee Connections:  Mechanically extracted collars with notched and dimpled branch tube.

2.3 EQUIPMENT DRAINS AND OVERFLOWS

A. Copper Tube:  ASTM B88 (ASTM B88M), Type K (A), drawn; using one of the following joint types:
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1. Solder Joints:  ASME B16.18 cast brass/bronze or ASME B16.22 solder wrought copper fittings;
ASTM B32 lead-free solder, HB alloy (95-5 tin-antimony) or tin and silver.

B. PVC Pipe:  ASTM D1785, Schedule 40, or ASTM D2241, SDR 21 or 26.
1. NOT ALLOWED IN RETURN AIR PLENUMS
2. Fittings:  ASTM D2466 or D2467, PVC.
3. Joints:  Solvent welded in accordance with ASTM D2855.

2.4 PIPE HANGERS AND SUPPORTS

A. Provide hangers and supports that comply with MSS SP-58.
1. If type of hanger or support for a particular situation is not indicated, select appropriate type using

MSS SP-58 recommendations.

B. Conform to ASME B31.9.

C. Hangers for Pipe Sizes 1/2 to 1-1/2 Inches:  Malleable iron, adjustable swivel, split ring.

D. Hangers for Cold Pipe Sizes 2 Inches and Greater:  Carbon steel, adjustable, clevis.

E. Hangers for Hot Pipe Sizes 2 to 4 Inches:  Carbon steel, adjustable, clevis.

F. Hangers for Hot Pipe Sizes 6 Inches and Greater:  Adjustable steel yoke, cast iron roll, double hanger.

G. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.

H. Wall Support for Pipe Sizes to 3 Inches:  Cast iron hook.

I. Wall Support for Pipe Sizes 4 Inches and Greater:  Welded steel bracket and wrought steel clamp.

J. Vertical Support:  Steel riser clamp.

K. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.

L. In grooved installations, use rigid couplings with offsetting angle-pattern bolt pads or with wedge-shaped
grooves in header piping to permit support and hanging in accordance with ASME B31.9.

2.5 UNIONS, FLANGES, MECHANICAL COUPLINGS, AND DIELECTRIC CONNECTIONS

A. Unions for Pipe 2 Inches and Less:

B. Flanges for Pipe 2 Inches and Greater:
1. Gaskets:  1/16 inch thick, preformed neoprene.

PART 3  EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.
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B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment using jointing system specified.

D. Keep open ends of pipe free from scale and dirt.  Protect open ends with temporary plugs or caps.

E. After completion, fill, clean, and treat systems.  See Section 23 2500 for additional requirements.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. PVC Pipe:  Make solvent-welded joints in accordance with ASTM D2855.

C. Route piping in orderly manner, parallel oer perpendicular to building structure, and maintain gradient.

D. Install piping to conserve building space and to avoid interference with use of space.

E. Group piping whenever practical at common elevations.

F. Sleeve pipe passing through partitions, walls, and floors.

G. Install firestopping to preserve fire resistance rating of partitions and other elements, using materials and
methods specified __________.

H. Slope piping and arrange to drain at low points.

I. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment.  See Section 22 0516.

J. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment.  See Section 23 0516.

K. Grooved Joints:
1. Install in accordance with the manufacturer's latest published installation instructions.
2. Gaskets to be suitable for the intended service, molded, and produced by the coupling

manufacturer.

L. Inserts:
1. Provide inserts for placement in concrete formwork.

M. Pipe Hangers and Supports:
1. Install in accordance with ASME B31.9, ASTM F708, or MSS SP-58.
2. Support horizontal piping as scheduled.
3. Install hangers to provide minimum 1/2-inch space between finished covering and adjacent work.
4. Place hangers within 12 inches of each horizontal elbow.
5. Use hangers with 1-1/2 inches minimum vertical adjustment.  Design hangers for pipe movement

without disengagement of supported pipe.
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6. Prime coat exposed steel hangers and supports.  See Section 09 9123. Hangers and supports
located in crawl spaces, pipe shafts, and suspended ceiling spaces are not considered exposed.

N. Provide clearance in hangers and from structure and other equipment for installation of insulation and
access to valves and fittings.  See Section 23 0719.

O. Provide access where valves and fittings are not exposed.  Coordinate size and location of access doors
with Section 08 3100.

P. Where pipe support members are welded to structural building framing, scrape, brush clean, and apply
one coat of zinc-rich primer to welds.

Q. Install valves with stems upright or horizontal, not inverted.

3.3 SCHEDULES

A. Hanger Spacing for Copper Tubing.
1. 1/2 Inch and 3/4 inch:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. 1 Inch:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. 1-1/2 Inches and 2 Inches:  Maximum span, 8 feet; minimum rod size, 3/8 inch.

B. Hanger Spacing for Steel Piping.
1. 2-1/2 Inches:  Maximum span, 11 feet; minimum rod size, 3/8 inch.
2. 3 Inches:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
3. 4 Inches:  Maximum span, 14 feet; minimum rod size, 1/2 inch.
4. 6 Inches:  Maximum span, 17 feet; minimum rod size, 1/2 inch.
5. 8 Inches:  Maximum span, 19 feet; minimum rod size, 5/8 inch.
6. 10 Inches:  Maximum span, 20 feet; minimum rod size, 3/4 inch.
7. 12 Inches:  Maximum span, 23 feet; minimum rod size, 7/8 inch.

END OF SECTION
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SECTION 23 2114 - HYDRONIC SPECIALTIES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Expansion tanks.

B. Air vents.

C. Air separators.

D. Hydraulic separators.

E. Strainers.

F. Balancing valves.

G. Flexible Pump Connectors

H. Relief valves.

I. Glycol system.

1.2 RELATED REQUIREMENTS

A. Section 23 2113 - Hydronic Piping.

B. Section 23 2500 - HVAC Water Treatment:  Pipe cleaning.

1.3 REFERENCE STANDARDS

A. ASME BPVC-VIII-1 - Boiler and Pressure Vessel Code, Section VIII, Division 1 - Rules for Construction of
Pressure Vessels; 2017.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the work of this
section; require attendance by all affected installers.

B. Sequencing:  Ensure that utility connections are achieved in an orderly and expeditious manner.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide product data for manufactured products and assemblies required for this project. 
Include component sizes, rough-in requirements, service sizes, and finishes.  Include product description
and model.

C. Certificates:  Inspection certificates for pressure vessels from authority having jurisdiction.
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D. Maintenance Data:  Include installation instructions, assembly views, lubrication instructions, and
replacement parts list.

E. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements for additional provisions.
2. Extra Glycol Solution:  One container, 55 gallon size.

1.6 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in this
section, with minimum three years of documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Accept valves on site in shipping containers with labeling in place.  Inspect for damage.

B. Provide temporary end caps and closures on piping and fittings.  Maintain in place until installation.

C. Protect piping systems from entry of foreign materials by temporary covers, completing sections of the
work, and isolating parts of completed system.

PART 2  PRODUCTS

2.1 EXPANSION TANKS

A. Manufacturers:
1. Amtrol Inc; :  www.amtrol.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc; ______:  www.bellgossett.com/#sle.
3. Taco, Inc; :  www.taco-hvac.com/#sle.

B. Construction:  Welded steel, tested and stamped in accordance with ASME BPVC-VIII-1; supplied with
National Board Form U-1, adjustable flexible EPDM diaphragm or bladder seal factory precharged to 12
psi, and steel support stand.

C. Automatic Cold Water Fill Assembly:  Pressure reducing valve, reduced pressure double check backflow
preventer, test cocks, strainer, vacuum breaker, and valved by-pass.

2.2 AIR VENTS

A. Manufacturers:
1. Armstrong International, Inc; :  www.armstronginternational.com/#sle.
2. Bell & Gossett, a brand of Xylem, Inc; ______:  www.bellgossett.com/#sle.
3. Taco, Inc; :  www.taco-hvac.com/#sle.

B. Manual Type:  Short vertical sections of 2-inch diameter pipe to form air chamber, with 1/8 inch brass
needle valve at top of chamber.
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2.3 AIR SEPARATORS

A. In-line Air Separators:
1. Manufacturers:

a. Armstrong International, Inc; :  www.armstronginternational.com/#sle.
b. Bell & Gossett, a brand of Xylem, Inc; ______:  www.bellgossett.com/#sle.
c. Taco, Inc; :  www.taco-hvac.com/#sle.

2. Construction:  Cast iron for sizes 1-1/2 inch and smaller, threaded.  Steel for sizes 2 inch and
larger, flanged.  Tested and stamped in accordance with ASME BPVC-VIII-1 for service pressure of
125 psi.

3. Maximum Allowable Service Temperature:  450 degrees F.

2.4 HYDRAULIC SEPARATORS

2.5 STRAINERS

A. Manufacturers:
1. Armstrong International, Inc; ______:  www.armstronginternational.com/#sle.
2. Green Country Filtration:  greencountryfiltration.com.
3. WEAMCO:  www.weamco.com.

B. Y-Type, Size 2 inch and Smaller:
1. Threaded body with 1/32 inch stainless steel perforated screen and blow-off plug for minimum

working pressure of 175 psi.

C. Y-Type, Size 4 to 30 inch:
1. Flanged steel or iron body with 1/8 inch stainless steel perforated screen.
2. Body Material by Fluid Service:
3. Flanged iron body for 175 psi working pressure, Y pattern with 3/64 inch stainless steel perforated

screen.

D. T-Type, Size 5 inches and Larger:
1. Flanged carbon steel or iron body, 1/8 inch stainless steel perforated basket screen, bottom drain,

and capped air vent.
2. Liquid Fluid Service:  Up to 285 psi at 100 degrees F.
3. Flanged iron body for 175 psi working pressure, basket pattern with 1/8 inch stainless steel

perforated screen.

2.6 FLEXIBLE PUMP CONNECTORS

A. Manufacturers:
1. Metraflex:  www.metraflex.com.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Size 2 inch (50 mm) and Under:
1. Flexible connectors shall be of the braided stainless steel type. Flexible hose section to be 321

stainless steel, close pitch, annular corrugated hose with a braided outer covering of type 304
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stainless steel. End connections to be carbon steel, male pipe thread. Overall length to allow for a
minimum of ¼" intermittent flexing, or per manufacturer's recommendations for additional motion.

C. Size 2-1/2 inch (65 mm) and Larger:
1. Flexible connectors shall be of the braided stainless steel type. Flexible hose section to be 321

stainless steel, close pitch, annular corrugated hose with a braided outer covering of type 304
stainless steel. End connections to be ANSI class 150 carbon steel plate flanges. Overall length to
allow for a minimum of 3/8" intermittent flexing or per manufacturer's recommendations for
additional motion.

2.7 BALANCING VALVES

A. Manufacturers:

B. Size 2 inch and Smaller:
1. Provide ball or globe style with flow balancing, flow measurement, and shut-off capabilities, memory

stops, minimum of two metering ports and NPT threaded, soldered, or ____________ connections.
2. Metal construction materials consist of bronze or brass.
3. Non-metal construction materials consist of Teflon, EPDM, or engineered resin.

C. Size 2.5 inch and Larger:
1. Provide ball, globe, butterfly, or _______ style with flow balancing, flow measurement, and shut-off

capabilities, memory stops, minimum of two metering ports and flanged, grooved, or weld end
connections.

2. Valve body construction materials consist of cast iron, carbon steel, or ductile iron.
3. Internal components construction materials consist of brass, aluminum bronze, bronze, Teflon,

EPDM, NORYL, or engineered resin.

2.8 RELIEF VALVES

A. Manufacturers:
1. Tyco Flow Control:  www.tycoflowcontrol.com.
2. Armstrong International, Inc; ______:  www.armstronginternational.com/#sle.
3. Bell & Gossett, a brand of Xylem, Inc; ______:  www.bellgossett.com/#sle.

B. Bronze body, teflon seat, stainless steel stem and springs, automatic, direct pressure actuated,
capacities ASME certified and labelled.

2.9 GLYCOL MAKE-UP SYSTEM

A. Manufacturers:
1. Calefactio GMP6.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Pump System:
1. Storage:   6 gal polypropylene tank
2. Pump:

a. Maximum Service Operation:  100 psi at 85 degrees F.
3. Mechanical Accessories:  System isolation valves, strainer, and pressure gauges.
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4. Control Panel:
a. Fused single-point system connection rated at 115 to 120 VAC, single phase.
b. Interface:  Hand switches with indicating lights for ON, FAULT, and LOW LEVEL.
c. Pressure Switch:  Panel-mounted and prewired for 10 psi cut-in and 40 psi cut-out, adjustable.
d. Low Level Cut-Off Switch:  Prewired to shut-down unit upon activation.  Tank-side mounted.

5. Pressure Relief Valve:  System-mounted brass valve tubed from pump discharge side into tank with
adjustable setpoint between 20 psi and 150 psi.

6. Level Float Switch
7. Alarm Panel Kit #GMPAL

C. Glycol Solution:
1. Water-based solution mix containing 30 percent propylene glycol by volume required for cooling or

heating system operating temperature range.
2. Cooling or heating System Operating Temperature Range:  Between freezing and boiling points of

3 and 220 degees F at 14.7 psia.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install specialties in accordance with manufacturer's instructions.

B. Where large air quantities can accumulate, provide enlarged air collection standpipes.

C. Provide manual air vents at system high points and as indicated.

D. For automatic air vents in ceiling spaces or other concealed locations, provide vent tubing to nearest
drain.

E. Provide air separator on suction side of system circulation pump and connect to expansion tank.

F. Provide valved drain and hose connection on strainer blowdown connection.

G. Provide pump suction fitting on suction side of base-mounted centrifugal pumps where indicated. 
Remove temporary strainers after cleaning systems.

H. Support pump fittings with floor-mounted pipe and flange supports.

I. Pipe relief valve outlet to nearest floor drain.

J. Clean and flush glycol system before adding glycol solution.  Refer to Section 23 2500.

K. Feed glycol solution to system through make-up line with pressure regulator, venting system high points.

L. Perform tests determining strength of glycol and water solution and submit written test results.

3.2 MAINTENANCE

A. See Section 01 7000 - Execution and Closeout Requirements for additional requirements relating to
maintenance service.
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B. Provide service and maintenance of glycol system for one year from date of Substantial Completion at no
extra charge to Owner.

C. Perform monthly visit to make glycol fluid concentration analysis on site with refractive index
measurement instrument.  Report findings in detail in writing, including analysis and amounts of glycol or
water added.

D. Explain corrective actions to Owner's maintenance personnel in person.

END OF SECTION

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HYDRONIC PUMPS 23 2123 - 1

SECTION 23 2123 - HYDRONIC PUMPS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. In-line circulators.

1.2 RELATED REQUIREMENTS

A. Section 23 0513 - Common Motor Requirements for HVAC Equipment.

B. Section 23 0548.01 - Vibration and Seismic Controls for HVAC.

C. Section 23 0719 - HVAC Piping Insulation.

D. Section 23 2113 - Hydronic Piping.

E. Section 26 0583 - Wiring Connections:  Electrical characteristics and wiring connections.

1.3 REFERENCE STANDARDS

A. UL 778 - Standard for Motor-Operated Water Pumps; Current Edition, Including All Revisions.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide certified pump curves showing performance characteristics with pump and system
operating point plotted.  Include NPSH curve when applicable.  Include electrical characteristics and
connection requirements.

C. Manufacturer's Installation Instructions:  Indicate hanging and support requirements and
recommendations.

D. Operation and Maintenance Data:  Include installation instructions, assembly views, lubrication
instructions, and replacement parts list.

E. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Goulds Pumps:  www.goulds.com

B. Bell & Gossett, a Xylem Inc. brand; ______:  www.bellgossett.com/#sle.

C. Grundfos
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2.2 HVAC PUMPS - GENERAL

A. Provide pumps that operate at specified system fluid temperatures without vapor binding and cavitation,
are non-overloading in parallel or individual operation, and operate within 25 percent of midpoint of
published maximum efficiency curve.

B. Minimum Quality Standard:  UL 778.

C. Products Requiring Electrical Connection:  Listed and classified by UL or testing agency acceptable to
Authority Having Jurisdiction as suitable for the purpose specified and indicated.

2.3 IN-LINE CIRCULATORS

A. Type:  Horizontal shaft, single stage, direct connected, with resiliently mounted motor for in-line
mounting, oil lubricated, for 125 psi maximum working pressure.

B. Casing:  Cast iron, with flanged pump connections.

C. Impeller:  Non-ferrous keyed to shaft.

D. Bearings:  Oil-lubricated bronze sleeve.

E. Shaft:  Alloy steel with bronze sleeve, integral thrust collar.

F. Seal:  Mechanical seal, 225 degrees F maximum continuous operating temperature.

G. Drive:  Flexible coupling.

H. Performance:  See Drawings for Model Information

PART 3  EXECUTION

3.1 PREPARATION

A. Verify that electric power is available and of the correct characteristics.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Provide access space around pumps for service.  Provide no less than minimum space recommended by
manufacturer.

C. Provide line sized shut-off valve and strainer on pump suction, and line sized soft seat check valve and
balancing valve on pump discharge.

D. Check, align, and certify alignment of base-mounted pumps prior to start-up.
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E. Lubricate pumps before start-up.

END OF SECTION
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SECTION 23 2300 - REFRIGERANT PIPING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Piping.

B. Refrigerant.

C. Moisture and liquid indicators.

D. Valves.

E. Strainers.

F. Check valves.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 09 9123 - Interior Painting.

C. Section 23 0716 - HVAC Equipment Insulation.

D. Section 23 0719 - HVAC Piping Insulation.

1.3 REFERENCE STANDARDS

A. ASHRAE Std 15 - Safety Standard for Refrigeration Systems; 2013.

B. ASHRAE Std 34 - Designation and Safety Classification of Refrigerants; 2013.

C. ASME BPVC-IX - Boiler and Pressure Vessel Code, Section IX - Welding, Brazing, and Fusing
Procedures; Welders; Brazers; and Welding, Brazing and Fusing Operators; 2017.

D. ASME B16.22 - Wrought Copper and Copper Alloy Solder-Joint Pressure Fittings; 2018.

E. ASME B16.26 - Cast Copper Alloy Fittings for Flared Copper Tubes; 2018.

F. ASME B31.5 - Refrigeration Piping and Heat Transfer Components; 2016.

G. ASME B31.9 - Building Services Piping; 2014.

H. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel
Products; 2017.

I. ASTM B88 - Standard Specification for Seamless Copper Water Tube; 2016.

J. ASTM B88M - Standard Specification for Seamless Copper Water Tube (Metric); 2016.
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K. ASTM B280 - Standard Specification for Seamless Copper Tube for Air Conditioning and Refrigeration
Field Service; 2016.

L. AWS A5.8M/A5.8 - Specification for Filler Metals for Brazing and Braze Welding; 2011 (Amended 2012).

M. MSS SP-58 - Pipe Hangers and Supports - Materials, Design, Manufacture, Selection, Application, and
Installation; 2009.

1.4 SYSTEM DESCRIPTION

A. Where more than one piping system material is specified ensure system components are compatible and
joined to ensure the integrity of the system is not jeopardized.  Provide necessary joining fittings.  Ensure
flanges, union, and couplings for servicing are consistently provided.

B. Provide pipe hangers and supports in accordance with ASME B31.5 unless indicated otherwise.

C. Liquid Indicators:
1. Use line size liquid indicators in main liquid line leaving condenser.
2. If receiver is provided, install in liquid line leaving receiver.
3. Use line size on leaving side of liquid solenoid valves.

D. Valves:
1. Use service valves on suction and discharge of compressors.
2. Use gauge taps at compressor inlet and outlet.
3. Use check valves on compressor discharge.
4. Use check valves on condenser liquid lines on multiple condenser systems.

E. Refrigerant Charging (Packed Angle) Valve:  Use in liquid line between receiver shut-off valve and
expansion valve.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide general assembly of specialties, including manufacturers catalogue information. 
Provide manufacturers catalog data including load capacity.

C. Sustainable Design Documentation:  Submit manufacturer's product data on refrigerant used, showing
compliance with specified requirements.

D. Shop Drawings:  Indicate schematic layout of system, including equipment, critical dimensions, and
sizes.

E. Design Data:  Submit design data indicating pipe sizing.  Indicate load carrying capacity of trapeze,
multiple pipe, and riser support hangers.

F. Test Reports:  Indicate results of leak test, acid test.
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G. Manufacturer's Installation Instructions:  Indicate support, connection requirements, and isolation for
servicing.

H. Submit welders certification of compliance with ASME BPVC-IX.

I. Project Record Documents:  Record exact locations of equipment and refrigeration accessories on record
drawings.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:  Company specializing in performing the type of work specified in this section,
with minimum __________ years of documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store piping and specialties in shipping containers with labeling in place.

B. Protect piping and specialties from entry of contaminating material by leaving end caps and plugs in
place until installation.

C. Dehydrate and charge components such as piping and receivers, seal prior to shipment, until connected
into system.

PART 2  PRODUCTS

2.1 PIPING

A. Copper Tube:  ASTM B280, H58 hard drawn or O60 soft annealed.
1. Fittings:  ASME B16.22 wrought copper.
2. Joints:  Braze, AWS A5.8M/A5.8 BCuP silver/phosphorus/copper alloy.

B. Copper Tube to 7/8 inch OD:  ASTM B88 (ASTM B88M), Type K (A), annealed.
1. Fittings:  ASME B16.26 cast copper.
2. Joints:  Flared.

C. Pipe Supports and Anchors:
1. Provide hangers and supports that comply with MSS SP-58.

a. If type of hanger or support for a particular situation is not indicated, select appropriate type
using MSS SP-58 recommendations.

2. Hangers for Pipe Sizes 2 Inches and Over:  Carbon steel, adjustable, clevis.
3. Multiple or Trapeze Hangers:  Steel channels with welded spacers and hanger rods.
4. Wall Support for Pipe Sizes to 3 Inches:  Cast iron hook.
5. Vertical Support:  Steel riser clamp.
6. Copper Pipe Support:  Carbon steel ring, adjustable, copper plated.
7. Hanger Rods:  Mild steel threaded both ends, threaded one end, or continuous threaded.
8. Inserts:  Malleable iron case of galvanized steel shell and expander plug for threaded connection

with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms; size inserts to suit
threaded hanger rods.
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9. Rooftop Supports for Low-Slope Roofs:  Steel pedestals with bases that rest on top of roofing
membrane, not requiring any attachment to the roof structure and not penetrating the roofing
assembly, with support fixtures as specified; and as follows:
a. Bases:  High density, UV tolerant, polypropylene or reinforced PVC.
b. Base Sizes:  As required to distribute load sufficiently to prevent indentation of roofing

assembly.
c. Steel Components:  Stainless steel, or carbon steel hot-dip galvanized after fabrication in

accordance with ASTM A123/A123M.
d. Attachment/Support Fixtures:  As recommended by manufacturer, same type as indicated for

equivalent indoor hangers and supports; corrosion resistant material.
e. Height:  Provide minimum clearance of 6 inches under pipe to top of roofing.

2.2 REFRIGERANT

A. Refrigerant:  Use only refrigerants that have ozone depletion potential (ODP) of zero and global warming
potential (GWP) of less than 50.

B. Refrigerant:  R410a as defined in ASHRAE Std 34.

2.3 MOISTURE AND LIQUID INDICATORS

A. Indicators:  Single port type, UL listed, with copper or brass body, flared or solder ends, sight glass, color
coded paper moisture indicator with removable element cartridge and plastic cap; for maximum
temperature of 200 degrees F and maximum working pressure of 500 psi.

2.4 VALVES

A. Ball Valves:
1. Two piece bolted forged brass body with teflon ball seals and copper tube extensions, brass bonnet

and seal cap, chrome plated ball, stem with neoprene ring stem seals; for maximum working
pressure of 500 psi and maximum temperature of 300 degrees F.

B. Service Valves:
1. Forged brass body with copper stubs, brass caps, removable valve core, integral ball check valve,

flared or solder ends, for maximum pressure of 500 psi.

2.5 STRAINERS

A. Straight Line or Angle Line Type:
1. Brass or steel shell, steel cap and flange, and replaceable cartridge, with screen of stainless steel

wire or monel reinforced with brass; for maximum working pressure of 430 psi.

2.6 CHECK VALVES

A. Globe Type:
1. Cast bronze or forged brass body, forged brass cap with neoprene seal, brass guide and disc

holder, phosphor-bronze or stainless steel spring, teflon seat disc; for maximum temperature of 300
degrees F and maximum working pressure of 425 psi.
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PART 3  EXECUTION

3.1 PREPARATION

A. Ream pipe and tube ends.  Remove burrs.  Bevel plain end ferrous pipe.

B. Remove scale and dirt on inside and outside before assembly.

C. Prepare piping connections to equipment with flanges or unions.

3.2 INSTALLATION

A. Install refrigeration specialties in accordance with manufacturer's instructions.

B. Route piping in orderly manner, with piping parallel or perpendicular to building structure, and maintain
gradient.

C. Install piping to conserve building space and avoid interference with use of space.

D. Install piping to allow for expansion and contraction without stressing pipe, joints, or connected
equipment.

E. Pipe Hangers and Supports:
1. Install in accordance with ASME B31.5.
2. Support horizontal piping as indicated.

a. Provide Hydra-Zorb "Klo-Shure" Series 8 strut mount insulation couplings
3. Install hangers to provide minimum 1/2 inch space between finished covering and adjacent work.
4. Place hangers within 12 inches of each horizontal elbow.

F. Provide clearance for installation of insulation and access to valves and fittings.

G. Insulate piping ; refer to Section 230719.

H. Follow ASHRAE Std 15 procedures for charging and purging of systems and for disposal of refrigerant.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Test refrigeration system in accordance with ASME B31.5, and manufacturers recommendations.

3.4 SCHEDULES

A. Hanger Spacing for Copper Tubing.
1. 1/2 inch, 5/8 inch, and 7/8 inch OD:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
2. 1-1/8 inch OD:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
3. 1-3/8 inch OD:  Maximum span, 7 feet; minimum rod size, 3/8 inch.
4. 1-5/8 inch OD:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
5. 2-1/8 inch OD:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
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6. 2-5/8 inch OD:  Maximum span, 9 feet; minimum rod size, 3/8 inch.

END OF SECTION
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SECTION 23 2500 - HVAC WATER TREATMENT

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Materials.
1. System cleaner.
2. Closed system treatment (water).

1.2 RELATED REQUIREMENTS

A. Section 01 1000 - Summary:  Owner furnished treatment equipment.

B. Section 01 6000 - Product Requirements:  Owner furnished treatment equipment.

C. Section 23 2113 - Hydronic Piping.

D. Section 23 2114 - Hydronic Specialties.

E. Section 26 0583 - Wiring Connections:  Electrical characteristics and wiring connections.

1.3 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide chemical treatment materials, chemicals, and equipment including electrical
characteristics and connection requirements.

C. Shop Drawings:  Indicate system schematic, equipment locations, and controls schematics, electrical
characteristics and connection requirements.

D. Manufacturer's Installation Instructions:  Indicate placement of equipment in systems, piping
configuration, and connection requirements.

E. Manufacturer's Field Reports:  Indicate start-up of treatment systems when completed and operating
properly.  Indicate analysis of system water after cleaning and after treatment.

F. Certificate:  Submit certificate of compliance from Authority Having Jurisdiction indicating approval of
chemicals and their proposed disposal.

G. Project Record Documents:  Record actual locations of equipment and piping, including sampling points
and location of chemical injectors.

H. Operation and Maintenance Data:  Include data on chemical feed pumps, agitators, and other equipment
including spare parts lists, procedures, and treatment programs.  Include step by step instructions on test
procedures including target concentrations.

I. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
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1.4 QUALITY ASSURANCE

A. The State of Delaware has an agreement (CONTRACT NO. GSS-MU-08-235-KW) with Willard Limbach
LLC (215 488 9700) to provide and maintain water quality in their buildings.  Contact Willard to provide
costs assocaited with water quality of this project.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. AmSolv-Amrep, Inc; ______:  www.amsolv.com/#sle.

B. GE Water & Process Technologies; ______:  www.gewater.com/#sle.

C. Nalco, an Ecolab Company; ______:  www.nalco.com/#sle.

D. Substitutions:  See Section 01 6000 - Product Requirements.

2.2 MATERIALS

A. System Cleaner:
1. Liquid alkaline compound with emulsifying agents and detergents to remove grease and petroleum

products; sodiumtripoly phosphate and sodium molybdate.

B. Closed System Treatment (Water):
1. Sequestering agent to reduce deposits and adjust pH; polyphosphate.
2. Corrosion inhibitors; boron-nitrite, sodium nitrite and borax, sodium totyltriazole, low molecular

weight polymers, phosphonates, sodium molybdate, or sulphites.
3. Conductivity enhancers; phosphates or phosphonates.

PART 3  EXECUTION

3.1 PREPARATION

A. Systems shall be operational, filled, started, and vented prior to cleaning.  Use water meter to record
capacity in each system.

B. Place terminal control valves in open position during cleaning.

C. Verify that electric power is available and of the correct characteristics.

3.2 CLEANING SEQUENCE

A. Concentration:
1. As recommended by manufacturer.

B. Hot Water Heating Systems:
1. Apply heat while circulating, slowly raising temperature to 160 degrees F and maintain for 12 hours

minimum.
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2. Remove heat and circulate to 100 degrees F or less; drain systems as quickly as possible and refill
with clean water.

3. Circulate for 6 hours at design temperatures, then drain.
4. Refill with clean water and repeat until system cleaner is removed.

C. Use neutralizer agents on recommendation of system cleaner supplier and approval of DEDC, LLC.

D. Flush open systems  with clean water for one hour minimum.  Drain completely and refill.

E. Remove, clean, and replace strainer screens.

F. Inspect, remove sludge, and flush low points with clean water after cleaning process is completed. 
Include disassembly of components as required.

3.3 INSTALLATION

A. Install in accordance with manufacturer's instructions.

3.4 CLOSEOUT ACTIVITIES

3.5 MAINTENANCE

A. See Section 01 7000 - Execution Requirements, for additional requirements relating to maintenance
service.

B. Perform maintenance work using competent and qualified personnel under the supervision and in the
direct employ of the equipment manufacturer or original installer.

C. Provide service and maintenance of treatment systems for one year from Date of Substantial Completion.

D. Provide monthly technical service visits to perform field inspections and make water analysis on-site. 
Detail findings in writing on proper practices, chemical treating requirements, and corrective actions
needed.  Submit two copies of field service report after each visit.

E. Provide laboratory and technical assistance services during this maintenance period.

F. Provide on-site inspections of equipment during scheduled or emergency shutdown to properly evaluate
success of water treatment program, and make recommendations in writing based upon these
inspections.

END OF SECTION
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SECTION 23 3100 - HVAC DUCTS AND CASINGS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Metal ductwork.

B. Nonmetal ductwork.

C. Casings and plenums.

D. Duct cleaning.

1.2 RELATED REQUIREMENTS

A. Section 23 0130.51 - HVAC Air-Distribution System Cleaning:  Cleaning ducts after completion of
installation.

B. Section 23 0593 - Testing, Adjusting, and Balancing for HVAC.

C. Section 23 0713 - Duct Insulation:  External insulation and duct liner.

D. Section 23 3300 - Air Duct Accessories.

E. Section 23 3700 - Air Outlets and Inlets.

F. Section 23 0593 - Testing, Adjusting, and Balancing for HVAC.

1.3 REFERENCE STANDARDS

A. ASTM A36/A36M - Standard Specification for Carbon Structural Steel; 2014.

B. ASTM A653/A653M - Standard Specification for Steel Sheet, Zinc-Coated (Galvanized) or Zinc-Iron
Alloy-Coated (Galvannealed) by the Hot-Dip Process; 2018.

C. ASTM E84 - Standard Test Method for Surface Burning Characteristics of Building Materials; 2018b.

D. ICC-ES AC01 - Acceptance Criteria for Expansion Anchors in Masonry Elements; 2015.

E. ICC-ES AC106 - Acceptance Criteria for Predrilled Fasteners (Screw Anchors) in Masonry Elements;
2015.

F. ICC-ES AC193 - Acceptance Criteria for Mechanical Anchors in Concrete Elements; 2015.

G. ICC-ES AC308 - Acceptance Criteria for Post-Installed Adhesive Anchors in Concrete Elements; 2016.

H. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018.

I. NFPA 90B - Standard for the Installation of Warm Air Heating and Air-Conditioning Systems; 2018.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HVAC DUCTS AND CASINGS 23 3100 - 2

J. NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations; 2017.

K. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 2009).

L. SMACNA (KVS) - Kitchen Ventilation Systems and Food Service Equipment Fabrication and Installation
Guidelines; 2001.

M. SMACNA (LEAK) - HVAC Air Duct Leakage Test Manual; 2012.

N. UL 1978 - Grease Ducts; Current Edition, Including All Revisions.

O. UL 2221 - Tests of Fire Resistive Grease Duct Enclosure Assemblies; Current Edition, Including All
Revisions.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide data for duct materials.

C. Coordination Drawings: Plans, drawn to scale, on which the following items are

shown and coordinated with each other, using input from installers of the items

involved:
1. Duct installation in congested spaces, indicating coordination with

general construction, building components, and other building services.
Indicate proposed changes to duct layout.

2. Suspended ceiling components.
3. Structural members to which duct will be attached.
4. Size and location of initial access modules for acoustical tile.
5. Penetrations of smoke barriers and fire-rated construction.

D. Shop Drawings:  Indicate duct fittings, particulars such as gauges, sizes, welds, and configuration prior to
start of work for All systems.

E. Test Reports:  Indicate pressure tests performed.  Include date, section tested, test pressure, and
leakage rate, following SMACNA (LEAK).

F. Project Record Documents:  Record actual locations of ducts and duct fittings.  Record changes in fitting
location and type.  Show additional fittings used.

1.5 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in this
section, with minimum three years of documented experience, and approved by manufacturer.
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1.6 REGULATORY REQUIREMENTS

A. Construct ductwork to NFPA 90A, NFPA 90B, and NFPA 96 standards.

1.7 FIELD CONDITIONS

A. Do not install duct sealants when temperatures are less than those recommended by sealant
manufacturers.

B. Maintain temperatures within acceptable range during and after installation of duct sealants.

PART 2  PRODUCTS

2.1 DUCT ASSEMBLIES

A. Regulatory Requirements:  Construct ductwork to comply with NFPA 90A standards.

B. All Ducts:  Galvanized steel, or Manufactured Non-Metallic Ductwork.

C. Low Pressure Supply (System with Cooling Coils):  2 inch wg pressure class, galvanized steel.

D. Return and Relief:  1 inch wg pressure class, galvanized steel.

E. Kitchen Cooking Hood Exhaust:  1 inch wg pressure class, galvanized steel.

2.2 MATERIALS

A. Galvanized Steel for Ducts:  Hot-dipped galvanized steel sheet, ASTM A653/A653M FS Type B, with
G60/Z180 coating.

B. Joint Sealers and Sealants:  Non-hardening, water resistant, mildew and mold resistant.
1. Type:  Heavy mastic or liquid used alone or with tape, suitable for joint configuration and compatible

with substrates, and recommended by manufacturer for pressure class of ducts.
2. VOC Content:  Not more than 250 g/L, excluding water.
3. Surface Burning Characteristics:  Flame spread index of zero and smoke developed index of zero,

when tested in accordance with ASTM E84.
4. For Use with Flexible Ducts:  UL labeled.
5. Manufacturers:

a. Carlisle HVAC Products; Hardcast Versa-Grip 181 Water Based Fiber Reinforced Duct
Sealant:  www.carlislehvac.com/#sle.

b. Substitutions:  See Section 01 6000 - Product Requirements.

C. Hanger Rod:  ASTM A36/A36M; steel, galvanized; threaded both ends, threaded one end, or
continuously threaded.

D. Hanger Fasteners:  Attach hangers to structure using appropriate fasteners, as follows:
1. Concrete Wedge Expansion Anchors:  Complying with ICC-ES AC193.
2. Masonry Wedge Expansion Anchors:  Complying with ICC-ES AC01.
3. Concrete Screw Type Anchors:  Complying with ICC-ES AC193.
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4. Masonry Screw Type Anchors:  Complying with ICC-ES AC106.
5. Concrete Adhesive Type Anchors:  Complying with ICC-ES AC308.

2.3 DUCTWORK FABRICATION

A. Fabricate and support in accordance with SMACNA (DCS) and as indicated.

B. Slip and Drive ductwork joints not allowed.

C. Provide duct material, gages, reinforcing, and sealing for operating pressures indicated.

D. Construct T's, bends, and elbows with radius of not less than 1-1/2 times width of duct on centerline. 
Where not possible and where rectangular elbows must be used, provide air foil turning vanes of
perforated metal with glass fiber insulation.

E. Provide turning vanes of perforated metal with glass fiber insulation when acoustical lining is indicated.

F. Increase duct sizes gradually, not exceeding 15 degrees divergence wherever possible; maximum 30
degrees divergence upstream of equipment and 45 degrees convergence downstream.

G. Fabricate continuously welded round and oval duct fittings in accordance with SMACNA (DCS).

H. Where ducts are connected to exterior wall louvers and duct outlet is smaller than louver frame, provide
blank-out panels sealing louver area around duct.  Use same material as duct, painted black on exterior
side; seal to louver frame and duct.

2.4 MANUFACTURED DUCTWORK AND FITTINGS

A. Manufactured Non-Metallic Ductwork  - Rooftop ductwork only:
1. Products:

a. Ductwork system materials including panels, adhesives, tapes, sealants, flanges and gaskets
to be as a matched system listed by Underwriter's Laboratory to the UL-181 standard as a
Class 1 air duct.

b. Duct air leakage rates to be in compliance with SMACNA Class 3 HVAC Duct Construction
Standards, latest version per applicable leakage class based on pressure.

c. The panel shall be manufactured of CFC/HCFC-free rigid material thermobonded on both
sides to a factory-applied .001"(25 micron) aluminum foil facing reinforced with a fiberglass
scrim. The thermal conductivity shall be no greater than 0.13BTU in/hr x sq.ft x degree
F(.018W/m x deg. C), and the density of the material shall not be less than 3.5 pcf(56
Kg/sq.m) with a minimum compressive strength of 28 psi (.2 MPa).

d. The standard thermal rating to be a minimum of an R-6.0 (1.2 RSI)
e. Installed ducting system must be warranted for a minimum of ten years from installation.

2. Application:
a. All fabricated duct segment fittings shall be designed in accordance with SMACNA HVAC Duct

Construction Standards, latest edition.
3. Duct Installation:

a. All exterior mounted ductwork shall be protected against the elements with a non-duct
penetrating weatherproof finish. Duct segments shall incorporate 6.0 mils thickness 5-ply
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aluminum, zero permeability, absolute vapor barrier self-adhesive jacketing. All external
seams and joints shall be fully sealed with joint and seam tape during the installation process.

4. Manufacturers:
a. Thermaduct; www.thermaduct.com
b. Substitutions:  See Section 01 6000 - Product Requirements.

B. Double Wall Insulated Round Ducts:  Round spiral lockseam duct with galvanized steel outer wall,
perforated galvanized steel inner wall; fitting with solid inner wall.
1. Manufacture in accordance with SMACNA (DCS).
2. Insulation:

a. Thickness:  1 inch.
b. Material:  Fiberglass.

C. Double Wall Insulated Rectangular Ducts:  Rectangular spiral lockseam duct with galvanized steel outer
wall, perforated galvanized steel inner wall; fitting with solid inner wall.
1. Manufacture in accordance with SMACNA (DCS).
2. Insulation:

a. Thickness:  1 inch.
b. Material:  Fiberglass.

D. Spiral Ducts:  Round spiral lockseam duct with galvanized steel outer wall.
1. Manufacture in accordance with SMACNA (DCS).

E. Flexible Ducts:  Black polymer film supported by helically wound spring steel wire.
1. UL labeled.
2. Maximum flexible duct length to be 6'-0" with no more than one 90 degree bend.
3. Insulation:  Fiberglass insulation with aluminized vapor barrier film.
4. Pressure Rating:  4 inches wg positive and 0.5 inches wg negative.
5. Maximum Velocity:  4000 fpm.
6. Temperature Range:  Minus 20 degrees F to 175 degrees F.
7. Manufacturers:

a. Thermaflex Model M-KE.
b. Hart and Cooley Model F216.
c. Substitutions:  See Section 01 6000 - Product Requirements.

F. Transverse Duct Connection System:  SMACNA "E" rated rigidly class connection, interlocking angle and
duct edge connection system with sealant, gasket, cleats, and corner clips in accordance with SMACNA
(DCS).
1. Manufacturers:

a. Carlisle HVAC Products; Nexus Flange Connectors with Sealant Pocket: 
www.carlislehvac.com/#sle.

b. Ductmate Industries, Inc, a DMI Company; :  www.ductmate.com/#sle.
c. Elgen Manufacturing Company, Inc; :  www.elgenmfg.com/#sle.

G. Round Duct Connection System:  Interlocking duct connection system in accordance with SMACNA
(DCS).
1. Manufacturers:
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a. Ductmate Industries, Inc, a DMI Company; _____:  www.ductmate.com/#sle.

2.5 CASINGS AND PLENUMS

A. Fabricate casings in accordance with SMACNA (DCS) and construct for operating pressures indicated.

B. Mount floor mounted casings on 4 inch high concrete curbs.  At floor, rivet panels on 8 inch centers to
angles.  Where floors are acoustically insulated, provide liner of galvanized 18 gauge, 0.0478 inch
expanded metal mesh supported at 12 inch centers, turned up 12 inches at sides with sheet metal
shields.

C. Reinforce door frames with steel angles tied to horizontal and vertical plenum supporting angles.  Install
hinged access doors where indicated or required for access to equipment for cleaning and inspection.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install, support, and seal ducts in accordance with SMACNA (DCS).

B. Install in accordance with manufacturer's instructions.

C. During construction provide temporary closures of metal or taped polyethylene on open ductwork to
prevent construction dust from entering ductwork system.

D. Duct sizes indicated are inside clear dimensions.  For lined ducts, maintain sizes inside lining.

E. Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide
pilot tube openings where required for testing of systems, complete with metal can with spring device or
screw to ensure against air leakage.  Where openings are provided in insulated ductwork, install
insulation material inside a metal ring.

F. Locate ducts with sufficient space around equipment to allow normal operating and maintenance
activities.

G. Use double nuts and lock washers on threaded rod supports.

H. At exterior wall louvers, seal duct to louver frame and install blank-out panels.

3.2 CLEANING

A. Clean duct systems with high power vacuum machines.  Protect equipment that could be harmed by
excessive dirt with filters, or bypass during cleaning.  Provide adequate access into ductwork for cleaning
purposes.

3.3 PRESSURE TESTING

A. Prior to the balancing of the duct system by the AABC certified balancing contractor all ductwork shall be
tested by the mechanical contractor for duct leakage in accordance with SMACNA Standards and AABC
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Standards Chapter 23.  Duct leakage shall not exceed 1% for a duration of (10) ten minutes.  Test
pressures shall be as per SMACNA, however, not less than the following:
1. Low Pressure Duct:

a. 25% above system operating pressure, but not less than 2" w.c. (500 Pa).

B. Insulation materials shall not be applied until systems have been witnessed to meet the above testing
requirements.

C. The testing and balancing contractor shall witness and certify all duct pressure tests.

D. Additional leak testing requirements:
1. Disassemble, reassemble, and seal segments of duct systems to accomodate leakage testing and

for compliance with test requirements.
2. If static pressure classes are not indicated, test system at maximum system design pressure.  Do

not pressurize systems above maximum design operating pressure.
3. Provide seven (7) days advance notice for testing.

3.4 SCHEDULES

A. Ductwork Pressure Class:
1. Supply (Heating Systems):  2 inch
2. Supply (System with Cooling Coils):  2 inch.
3. Return Ductwork:  1 inch.
4. General Exhaust:  1 inch.
5. Outside Air Intake:  1 inch.
6. Combustion Air:  1 inch (250 Pa)

END OF SECTION
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SECTION 23 3300 - AIR DUCT ACCESSORIES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Air turning devices/extractors.

B. Backdraft dampers - metal.

C. Backdraft dampers.

D. Duct access doors.

E. Duct test holes.

F. Flexible duct connectors.

G. Volume control dampers.

1.2 RELATED REQUIREMENTS

A. Section 23 0548.01 - Vibration and Seismic Controls for HVAC.

B. Section 23 3100 - HVAC Ducts and Casings.

C. Section 23 3600 - Air Terminal Units:  Pressure regulating damper assemblies.

1.3 REFERENCE STANDARDS

A. NFPA 90A - Standard for the Installation of Air-Conditioning and Ventilating Systems; 2018.

B. SMACNA (DCS) - HVAC Duct Construction Standards Metal and Flexible; 2005 (Revised 2009).

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide for shop fabricated assemblies including volume control dampers.  Include
electrical characteristics and connection requirements.

C. Manufacturer's Installation Instructions:  Provide instructions for fire dampers.

D. Project Record Drawings:  Record actual locations of access doors and test holes.

1.5 DELIVERY, STORAGE, AND HANDLING

A. Protect dampers from damage to operating linkages and blades.
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PART 2  PRODUCTS

2.1 AIR TURNING DEVICES/EXTRACTORS

A. Manufacturers:
1. Krueger-HVAC, Division of Air System Components; ______:  www.krueger-hvac.com/#sle.
2. PCI Industries, Inc; Pottorff Brand :  www.portorff.com.
3. Ruskin Company; ______:  www.ruskin.com/#sle.
4. Titus HVAC, a brand of Johnson Controls; ______:  www.titus-hvac.com/#sle.
5. Substitutions:  See Section 01 6000 - Product Requirements.

B. Multi-blade device with blades aligned in short dimension; steel construction; with individually adjustable
blades, mounting straps.

2.2 BACKDRAFT DAMPERS

A. Manufacturers:
1. Louvers & Dampers, Inc, a brand of Mestek, Inc; ______:  www.louvers-dampers.com/#sle.
2. Nailor Industries, Inc; ______:  www.nailor.com/#sle.
3. Ruskin Company; ______:  www.ruskin.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Multi-Blade, Parallel Action Gravity Balanced Backdraft Dampers:  Galvanized steel, with center pivoted
blades of maximum 6 inch width, with felt or flexible vinyl sealed edges, linked together in rattle-free
manner with 90 degree stop, steel ball bearings, and plated steel pivot pin; adjustment device to permit
setting for varying differential static pressure.

2.3 DUCT ACCESS DOORS

A. Fabricate in accordance with SMACNA (DCS) and as indicated.

B. Fabrication:  Rigid and close-fitting of galvanized steel with sealing gaskets and quick fastening locking
devices.  For insulated ducts, install minimum 1 inch thick insulation with sheet metal cover.
1. Less Than 12 inches Square:  Secure with sash locks.
2. Up to 18 inches Square:  Provide two hinges and two sash locks.
3. Up to 24 by 48 inches:  Three hinges and two compression latches with outside and inside handles.
4. Larger Sizes:  Provide an additional hinge.

C. Access doors with sheet metal screw fasteners are not acceptable.

2.4 DUCT TEST HOLES

A. Temporary Test Holes:  Cut or drill in ducts as required.  Cap with neat patches, neoprene plugs,
threaded plugs, or threaded or twist-on metal caps.

B. Permanent Test Holes:  Factory fabricated, air tight flanged fittings with screw cap.  Provide extended
neck fittings to clear insulation.
1. Manufacturers:
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2. Carlisle HVAC Products; Dynair Test Port with Red Cap with O-Ring Seal: 
www.carlislehvac.com/#sle.

2.5 FLEXIBLE DUCT CONNECTORS

A. Manufacturers:
1. Carlisle HVAC Products; Dynair Connector Plus G90 Steel Offset Seam Neoprene Fabric: 

www.carlislehvac.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Fabricate in accordance with SMACNA (DCS) and as indicated.

C. Flexible Duct Connections:  Fabric crimped into metal edging strip.
1. Fabric:  UL listed fire-retardant neoprene coated woven glass fiber fabric to NFPA 90A, minimum

density 30 oz per sq yd.
a. Net Fabric Width:  Approximately 2 inches wide.

2. Metal:  3 inches wide, 24 gauge, 0.0239 inch thick galvanized steel.

2.6 VOLUME CONTROL DAMPERS

A. Manufacturers:
1. Louvers & Dampers, Inc, a brand of Mestek, Inc; ______:  www.louvers-dampers.com/#sle.
2. Nailor Industries, Inc; ______:  www.nailor.com/#sle.
3. Ruskin Company; ______:  www.ruskin.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Fabricate in accordance with SMACNA (DCS) and as indicated.

C. Single Blade Dampers:  Fabricate for duct sizes up to 6 x 30 inch.

D. Multi-Blade Damper:  Fabricate of opposed blade pattern with maximum blade sizes 8 x 72 inch. 
Assemble center and edge crimped blades in prime coated or galvanized channel frame with suitable
hardware.

E. End Bearings:  Except in round ducts 12 inches and smaller, provide end bearings.  On multiple blade
dampers, provide oil-impregnated nylon, thermoplastic elastomer, or sintered bronze bearings.

F. Quadrants:
1. Provide locking, indicating quadrant regulators on single and multi-blade dampers.
2. On insulated ducts mount quadrant regulators on stand-off mounting brackets, bases, or adapters.
3. Where rod lengths exceed 30 inches provide regulator at both ends.

PART 3  EXECUTION

3.1 PREPARATION

A. Verify that electric power is available and of the correct characteristics.
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3.2 INSTALLATION

A. Install accessories in accordance with manufacturer's instructions, NFPA 90A, and follow SMACNA
(DCS).  Refer to Section 23 3100 for duct construction and pressure class.

B. Provide backdraft dampers on exhaust fans or exhaust ducts nearest to outside and where indicated.

C. Provide duct access doors for inspection and cleaning before and after filters, coils, fans, automatic
dampers, at fire dampers, combination fire and smoke dampers, and elsewhere as indicated.  Provide for
cleaning kitchen exhaust ducts in accordance with NFPA 96.  Provide minimum 8 x 8 inch size for hand
access, 18 x 18 inch size for shoulder access, and as indicated.  Provide 4 x 4 inch Review locations
prior to fabrication.

D. Provide duct test holes where indicated and required for testing and balancing purposes.

E. At fans and motorized equipment associated with ducts, provide flexible duct connections immediately
adjacent to the equipment.

F. Provide balancing dampers at points on supply, return, and exhaust systems where branches are taken
from larger ducts as required for air balancing.  Install minimum 2 duct widths from duct take-off.

G. Provide balancing dampers on duct take-off to diffusers, grilles, and registers, regardless of whether
dampers are specified as part of the diffuser, grille, or register assembly.

H. Provide air turning devices within duct whenever long radius elbows are not utilized.

END OF SECTION
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SECTION 23 3423 - HVAC POWER VENTILATORS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Wall exhausters.

B. Inline centrifugal fans and blowers.

C. Kitchen hood upblast roof exhausters.

1.2 RELATED REQUIREMENTS

A. Section 23 0513 - Common Motor Requirements for HVAC Equipment.

B. Section 23 0548.01 - Vibration and Seismic Controls for HVAC.

C. Section 23 3300 - Air Duct Accessories:  Backdraft dampers.

D. Section 26 0583 - Wiring Connections:  Electrical characteristics and wiring connections.

1.3 REFERENCE STANDARDS

A. NFPA 96 - Standard for Ventilation Control and Fire Protection of Commercial Cooking Operations; 2017.

B. UL 705 - Power Ventilators; Current Edition, Including All Revisions.

C. UL 762 - Outline of Investigation for Power Roof Ventilators for Restaurant Exhaust Appliances; Current
Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:  Coordinate the installation of ventilators with size, location and installation of service
utilities.

B. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the work of this
section; require attendance by all affected installers.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide data on fans and accessories including fan curves with specified operating point
clearly plotted, power, RPM, sound power levels at rated capacity, and electrical characteristics and
connection requirements.

C. Manufacturer's Instructions:  Indicate installation instructions.

D. Maintenance Data:  Include instructions for lubrication, motor and drive replacement, spare parts list, and
wiring diagrams.
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E. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Extra Fan Belts:  One set for each individual fan.

1.6 QUALITY ASSURANCE

A. Manufacturer Qualifications:  Company specializing in manufacturing the type of products specified in this
section, with minimum three years of documented experience.

1.7 FIELD CONDITIONS

A. Permanent ventilators may be used for ventilation during construction only after ductwork is clean, filters
are in place, bearings have been lubricated, and fan has been test run under observation.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Greenheck Fan Corporation; ______:  www.greenheck.com/#sle.

2.2 WALL EXHAUSTERS

A. Manufacturers:
1. Greenheck Fan Corporation; ______:  www.greenheck.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Fan Unit:  V-belt or direct driven with spun aluminum housing; resiliently mounted motor; 1/2 inch mesh,
0.062 inch thick aluminum wire bird screen.

C. Backdraft Damper:  Gravity actuated, aluminum multiple blade construction, felt edged with offset hinge
pin, nylon bearings, blades linked, and line voltage motor drive, power open, spring return.

D. Sheaves:  For V-belt drives, provide cast iron or steel, dynamically balanced, bored to fit shafts and
keyed; variable and adjustable pitch motor sheaves selected so required rpm is obtained with sheaves
set at mid-position; fan shaft with self-aligning pre-lubricated ball bearings.

2.3 INLINE CENTRIFUGAL FANS AND BLOWERS

A. Manufacturers:
1. Greenheck Fan Corporation; ______:  www.greenheck.com/#sle.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Performance Ratings:  As indicated on drawings.

2.4 KITCHEN HOOD UPBLAST ROOF EXHAUSTERS

A. Manufacturers:
1. Greenheck Fan Corporation; ______:  www.greenheck.com/#sle.
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B. Direct Drive Fan:
1. Fan Wheel:

a. Type:  Non-overloading, backward inclined centrifugal.
b. Material:  Aluminum, statically and dynamically balanced.

2. Housing:
a. Construct of heavy gauge aluminum including curb cap, windband, and motor compartment.
b. Rigid internal support structure.
c. One-piece fabricated or fully welded curb-cap base to windband for leak proof construction.
d. Construct drive frame assembly of heavy gauge steel, mounted on vibration isolators.
e. Provide breather tube for fresh air motor cooling and wiring.

C. Shafts and Bearings:
1. Fan Shaft:

a. Ground and polished steel with anti-corrosive coating.
b. First critical speed at least 25 percent over maximum cataloged operating speed.

2. Bearings:
a. Permanently sealed or pillow block type.
b. Minimum L10 life in excess of 100,000 hours (equivalent to L50 average life of 500,000

hours), at maximum cataloged operating speed.
c. 100 percent factory tested.

D. Drain Trough:  Allows for single-point drainage of water, grease, and other residues.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Secure roof exhausters with cadmium plated steel lag screws to roof curb.

C. Extend ducts to roof exhausters into roof curb.  Counterflash duct to roof opening.

D. Provide sheaves required for final air balance.

E. Install backdraft dampers on inlet to roof and wall exhausters.

END OF SECTION
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SECTION 23 3700 - AIR OUTLETS AND INLETS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Diffusers:

B. Registers/grilles:

C. Louvers:

1.2 REFERENCE STANDARDS

A. ASHRAE Std 70 - Method of Testing the Performance of Air Outlets and Inlets; 2006 (Reaffirmed 2011).

1.3 SUBMITTALS 

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets as to size,
finish, and type of mounting prior to submission.  Submit schedule of outlets and inlets showing type,
size, location, application, and noise level.

C. Project Record Documents:  Record actual locations of air outlets and inlets.

1.4 QUALITY ASSURANCE

A. Test and rate air outlet and inlet performance in accordance with ASHRAE Std 70.

PART 2  PRODUCTS

2.1 GRD MANUFACTURERS (SEE DRAWINGS FOR MODELS)

A. Price Industries:  www.price-hvac.com/#sle.

B. Titus, a brand of Air Distribution Technologies:  www.titus-hvac.com/#sle.

C. Tuttle and Bailey:   www.tuttleandbailey.com/#sle.

D. Substitutions:  See Section 01 6000 - Product Requirements.

2.2 LOUVER MANUFACTURERS (SEE DRAWINGS FOR MODELS)

A. Greenheck

B. Ruskin

C. Substitutions:  See Section 01 6000 - Product Requirements
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PART 3  EXECUTION

3.1 INSTALLATION 

A. Install in accordance with manufacturer's instructions.

B. Check location of outlets and inlets and make necessary adjustments in position to comply with
architectural features, symmetry, and lighting arrangement.

C. Install diffusers to ductwork with air tight connection.

D. Provide balancing dampers on duct take-off to diffusers, and grilles and registers, despite whether
dampers are specified as part of the diffuser, or grille and register assembly.

E. Paint ductwork visible behind air outlets and inlets matte black.

F. Paint ductwork visible behind air outlets and inlets matte black.  Refer to Section 09 9123.

END OF SECTION
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SECTION 23 3810 - FIRE READY HOOD

PART 1 - GENERAL

1.1 SUMMARY

A. This section specifies fully integrated, pre-engineered fire suppression range hood systems.

1.2 DEFINITIONS

A. Range hood, unit, kitchen hood and hood system; for purposes of this specification section, these terms
all have the same definition.

B. Residential grade fire suppression: a hood suppression system that fulfills the 300A standard, being
designed to protect a residential-grade cooking appliance that is used within a commercial space.

C. Eyebrow, compensating, short circuit hood types are not allowed.

1.3 RELATED WORK

A. Section 26 05 21, LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES (600 VOLTS
AND BELOW):  Electrical Connections.

1.4 QUALITY CONTROL

A. Installer Qualifications: Experienced in mechanical equipment installation or supervised by an
experienced mechanical equipment installer.
1. Where required to complete equipment installation, electrician and plumber shall be licensed in

jurisdiction where project is located.

B. NSF Compliance: Equipment bears NSF Certification Mark (when required)

C. UL Listing: Equipment has been evaluated according to UL or ETL 300A and is labeled for intended use.

D. Fire-Protection Systems: to be pre-engineered and factory integrated into the design of the hood

E. Seismic Restraint:
1. Comply with requirements in Section 13 05 41, SEISMIC RESTRAINT REQUIREMENTS FOR

NON-STRUCTURAL COMPONENTS.
2. Comply with applicable guidelines for seismic restraint of kitchen equipment contained in

SMACNA's "Kitchen Ventilation Systems and Food Service Equipment Guidelines," Appendix A.

F. In-Use Service: The manufacturer maintains that the system can be operated or maintained by any
qualified maintenance technician.  However, the manufacturer will offer web-based certification training
by request.  The manufacturer does not provide field service.

1.5 SUBMITTALS

A. Submit in accordance with Section 01 33 23, SHOP DRAWINGS, PRODUCT DATA, AND SAMPLES.
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B. Manufacturer’s Literature and Data:
1. Include manufacturer's address and telephone number.
2. Include catalog or model numbers, and illustrations and descriptions of ventilators and accessories.

C. Installation Drawings: Show dimensions; method of assembly; and details of installation, adjoining
construction, coordination with service utilities, and other work required for a complete installation.

D. Field Test Reports: Indicate whether demonstration will be necessary, dates and times of tests and certify
test results.

E. Operating Instructions: Include operating instructions covering operation of all components and
maintenance procedures covering proper cleaning and necessary lubrication or adjustments to controls.

1.6 APPLICABLE PUBLICATIONS

A. The publications listed below form a part of this specification to the extent referenced. The publications
are referenced in the text by the basic designation only.

B. ICC Evaluation Service Listing Criteria #1031 (LC1031)

C. C.   ICC Evaluation Services PMG Listing #1293 (PMG1293)

D. UL or ETL Standard 300A

PART 2 - PRODUCTS

EXHAUST HOODS

2.1 BASIS OF DESIGN:  ACCUREX

2.2 SEE RANGE HOOD SCHEDULE IN DRAWINGS FOR HOOD PERFORMANCE REQUIREMENTS

2.3 HOOD SHALL BE CONSTRUCTED OF 18 & 20 GAUGE (TYPE 304) POLISHED STAINLESS STEEL. 
HOOD SHALL HAVE FIRE SUPPRESSION SYSTEM FACTORY INSTALLED INTO THE HOOD SYSTEM. 
ACTIVATION OF THE MECHANICAL FIRE SUPPRESSION SYSTEM SHALL BE BY 212 OR 280-DEGREE
FUSIBLE LINK (30” VS. 36” SIZES).  FIRE SUPPRESSION AGENT WILL BE AMEREX 660 LOW PH WET
CHEMICAL SUPPRESSANT.  UNIT SHALL INCLUDE CENTRIFUGAL FAN WITH AIR DELIVERY OF 380
TO 610 CFM DEPENDING OF CALIBRATION OF UNIT.  UNIT SHALL INCLUDE FUEL SHUTDOWN
OPTION FOR GAS, ELECTRIC OR DUAL ELEMENT DEVICES.  THE HOOD SYSTEM WILL ALSO HAVE
MULTIPLE ALARM AND MONITORING CONTACTS FACTORY INSTALLED INTO THE HOOD

2.4 SYSTEM INTERCONNECTED WITH INCLUDED SHUNT TRIP BREAKER AND/OR GAS SOLENOID VALVE
OF EQUIPMENT LOCATED BELOW VENTILATOR FOR POWER AND FUEL SHUTOFF DURING SYSTEM
ACTUATION.

A. Environmental Monitoring / Internal Monitoring / Pre-Suppression
1. Two temperature sensors are located on the inner face of the hood; one at a medium set point, the

other at high.  Under cooking conditions, when the medium set point is reached, the fan is turned
on high.  This feature dissipates the heat from the area but also draws it into the unit, past the
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fusible links in the system.  If temperatures continue to rise and the high temperature set point is
reached, the system reacts by shutting down power to the range prior to suppression system
release.  When this occurs, the unit’s internal alarm is activated so that occupants are notified that
the system is working to prevent further escalation of a potential fire.  This is considered two stages
of pre-suppression, where the unit is interacting with the cooking environment - working to minimize
the risk of a fire event
a. Should temperatures continue to rise, fire is present.  The fusible links will melt, mechanically

actuating the suppression system and releasing a low PH wet chemical agent across the
cook-top.  At actuation, the system will also make a second attempt to shut down power to the
range; in the event of a flash-fire, or something that happens too quickly to register with the
temperature sensors.  The system will continue to sound its internal alarm while also
communicating a “fire code” back to a monitored alarm panel.

b. The PLC Self-Monitoring-System also monitors the entire suppression assembly for
completeness and continuity.  If the suppression system is ever compromised through a loss
of pressure or broken connection, or tampering of any kind, the unit reacts by shutting down
power to the range.   In this case the suppression system is compromised therefor the range
shouldn't be in use.  Under this condition, the system communicates a separate "maintenance
code" saying that the unit is down and needs service.  When preemptive shutdown occurs, the
system and the cooking equipment will not come back on-line until the GRRS is reset.

B. F. Options
1. Manual Pull Station (MPK) - Mechanical assembly allowing the fire suppression system to be

actuated manually normally located at the point of egress.
2. Handicapped Accessible Controls (ADA) - Separate control system designed to mirror the front-end

controls of the hood, to be installed at under counter-top height.
3. Powder Coating (PC) - The hood system can be powder coated in a variety of standard colors, the

manufacturer can also color match.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install hood system level and plumb with access clearances required for operation, maintenance and
cleaning and in accordance with the manufacturer's published documentation.
1. Show on drawings overhead or rear support for equipment specified in this section.

a. Coordinate installation of ventilators with overhead supports
b. Interconnect ventilators to service utilities.
c. Install seismic restraints for equipment if required.

3.2 FIELD TESTING

A. Functional Test: using manufacturer-supplied procedure, short internal sensors to demonstrate shutdown
and communication features.

B. Puff Test: using manufacturer supplied test cylinder, replace suppressant cylinder in system with test
(nitrogen only) cylinder.  Replace fusible links in line with a “test link”.  Cut the test link and allow the
system to actuate, performing all of its standard functions.
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3.3 CLEAN-UP

A. At completion of the installation, clean and adjust equipment as required to produce ready-for-use
condition.
1. Where stainless-steel surfaces are damaged during installation procedures, repair finishes in order

to match adjoining undamaged surfaces.

3.4 INSTRUCTIONS

A. Instruct personnel and transmit operating instructions in accordance with requirements.

END OF SECTION

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HVAC AIR CLEANING DEVICES 23 4000 - 1

SECTION 23 4000 - HVAC AIR CLEANING DEVICES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Disposable, extended area panel filters.

B. Filter gauges.

1.2 RELATED REQUIREMENTS

A. Section 01 5000 - Temporary Facilities and Controls:  Filters for temporary heating and ventilating.

1.3 REFERENCE STANDARDS

A. ASHRAE Std 52.2 - Method of Testing General Ventilation Air-Cleaning Devices for Removal Efficiency
by Particle Size; 2017.

B. UL 900 - Standard for Air Filter Units; Current Edition, Including All Revisions.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittal procedures.

B. Product Data:  Provide data on filter media, filter performance data, filter assembly and filter frames,
dimensions, motor locations and electrical characteristics and connection requirements.

C. Maintenance Materials:  Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Extra Filters:  One set of each type and size.

1.5 QUALITY ASSURANCE

A. Products Requiring Electrical Connection:  Listed and classified by Underwriters Laboratories Inc. as
suitable for the purpose specified and indicated.

PART 2  PRODUCTS

2.1 FILTER MANUFACTURERS

A. American Filtration Inc; ______:  www.americanfiltration.com/#sle.

B. AAF International/American Air Filter; ______:  www.aafintl.com/#sle.

C. The Camfil Group; ______:  www.camfilfarr.com/#sle.

D. Substitutions:  See Section 01 6000 - Product Requirements.
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2.2 DISPOSABLE, EXTENDED AREA PANEL FILTERS

A. Media:  UL 900 Class 1, pleated, lofted, non-woven, reinforced cotton fabric; supported and bonded to
welded wire grid by corrugated aluminum separators.
1. Frame:  Non-flammable.
2. Nominal size:  12 by 24 inches.
3. Nominal thickness:  1 inch.

B. Minimum Efficiency Reporting Value (MERV):  8, when tested in accordance with ASHRAE Std 52.2.

C. Rating, per ASHRAE Std 52.2:
1. Weight arrestance:  85 percent.
2. Initial resistance at 500 FPM face velocity:  0.20 inch WG.
3. Recommended final resistance:  0.9 inch WG.

2.3 FILTER GAUGES

A. Manufacturers:
1. Dwyer Instruments, Inc; ______:  www.dwyer-inst.com/#sle.
2. H.O. Trerice Co; ______:  www.trerice.com/#sle.
3. Weiss Instruments; ______:  www.weissinstruments.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Direct Reading Dial:  3-1/2 inch diameter diaphragm actuated dial in metal case, vent valves, black
figures on white background, front recalibration adjustment, range 0-0.5 inch WG, 2 percent of full scale
accuracy.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install air cleaning devices in accordance with manufacturer's instructions.

B. Prevent passage of unfiltered air around filters with felt, rubber, or neoprene gaskets.

C. Install filter gauge static pressure tips upstream and downstream of filters.  Mount filter gauges on outside
of filter housing or filter plenum, in accessible position.  Adjust and level.

D. Do not operate fan system until filters (temporary or permanent) are in place.  Replace temporary filters
used during construction and testing, with clean set.

E. Provide filter gauges on filter banks, installed with separate static pressure tips upstream and
downstream of filters.

END OF SECTION
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SECTION 23 5101 - GENERATOR EXHAUST BREECHING/CHIMNEY/VENT

PART-1 GENERATOR EXHAUST

1.1 SCOPE

A. Provide factory built exhaust system that is tested and listed by the Underwriters’ Laboratories, Inc. for
use with medium heat equipment burning gas, liquid or solid fuels, as described in NFPA-37 and
NFPA-211, which produce exhaust flue gas temperatures not exceeding 1400oF under continuous
operating conditions. Additionally, the vent system shall be U.L. 103 positive pressure tested and listed to
60 inches internal water column pressure.

B. The U.L. listed fiber insulated exhaust system shall have skin temperatures that have been obtained by
Underwriters Laboratories (UL) test procedures. The published surface temperatures shall be the result
of the UL103 1000o Fahrenheit chimney test.

1.2 WARRANTY

A. The exhaust system shall be warranted against functional failure due to defects in material and
manufacturer’s workmanship for a period of 15 years from date of installation.

1.3 QUALITY ASSURANCE

A. The inner diameter of the exhaust system shall be verified by the manufacturer’s computations. The
computations used shall be technically sound, follow ASHRAE calculation methods and shall incorporate
the specific flow characteristics of the inner pipe. The contractor shall furnish the exact operating
characteristics of the engine(s) and muffler(s) to the factory representative.

B. The manufacturer shall provide “to scale” drawings depicting the actual layout. The exhaust system shall
be installed as designed by the manufacturer and in accordance with the terms of the manufacturer’s
warranty and in conjunction with sound engineering practices.

C. The factory built modular exhaust system shall be furnished by a vendor organization that assures
design, installation and services coordination. As well as, providing “in-warranty” and “post-warranty”
unified responsibility for owner, architect, consulting engineer and contractor.

PART-2 PRODUCTS

2.1 MANUFACTURERS

A. Product specification requirements shall be met by using Selkirk Commercial/Industrial Model PS
exhaust flue or equivalent as approved by the engineer. Equivalent submittals shall specify
manufacturer’s model number, and other pertinent identification, and attest that the alternate material is
in compliance with all specification requirements.

2.2 CONSTRUCTION

A. The double wall exhaust system shall have a 304 stainless steel inner liner and a 304 stainless steel
outer jacket. The materials and construction of the modular sections and accessories shall be as
specified by the terms of the product’s U.L. listing.
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B. 1. Air space insulation between the inner liner and outer jacket shall be a nominal one inch thick.

C. This exhaust system shall be designed and installed to be gas tight and thus prevent leakage of
combustion products into a building.

D. Inner pipe joints shall be securely connected and sealed with factory supplied over-lapping V-bands and
appropriate sealant as specified in the manufacturer’s installation instructions.

E. Connections to silencers and expansion joints shall be made with matching flanges.  Matching flanges
shall be of the same size, bolt hole spacing and pressure rating as the flanges to which the connections
are made.

F. Roof penetrations shall be suitable for the specified roof construction and shall comply with the
manufacturer’s installation instructions.

G. The exhaust system shall be designed to compensate for all flue gas induced thermal expansion.

PART-3 EXECUTION

3.1 INSTALLATION

A. Inner pipe joints shall be sealed by use of factory supplied overlapping V bands and sealant as specified
in the manufacturer’s installation instructions.

B. Roof penetrations shall be suitable for a noncombustible roof and shall be according to the
manufacturer’s detail drawings and installation instructions

C. When installed according to the manufacturer’s installation instructions, the exhaust piping and its
supporting system shall resist side loads at least 1.5 times greater than the weight per foot of the piping
for both horizontal and vertical portions of the system.

D. The exhaust system shall be installed according to the manufacturer’s installation instructions and shall
conform to all applicable state and local codes.

E. Provide all supports, guides, bellows type expansion joints, pressure relief valves, guy sections, guy
tensioners, roof thimbles, roof flashings, storm collars and flip top terminations as required to provide a
complete system per the manufacturer’s installation instructions.

F. The entire exhaust system from the muffler discharge to the termination point, including all accessories,
except as noted, shall be from one manufacturer.

END OF SECTION
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SECTION 23 5216 - CONDENSING BOILERS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract apply to this Section, including General and
Supplementary Conditions and Division 01 Specification Sections.

1.2 SUMMARY

A. This Section includes packaged, factory-fabricated and -assembled, gas-fired, fire-tube condensing
Boilers, trim and accessories for generating hot water.

1.3 RELATED REQUIREMENTS

A. Section 23 2114 - Hydronic Specialties.

B. Section 23 5100 - Breechings, Chimneys, and Stacks.

C. Section 26 2717 - Equipment Wiring:  Electrical characteristics and wiring connections.

1.4 REFERENCE STANDARDS

A. ANSI Z21.13 - American National Standard for Gas-Fired Low-Pressure Steam and Hot Water Boilers;
2012.

B. ASME BPVC-IV - Boiler and Pressure Vessel Code, Section IV - Rules for Construction of Heating
Boilers; The American Society of Mechanical Engineers; 2013.

C. NFPA 54 - National Fuel Gas Code; National Fire Protection Association; 2012.

D. NFPA 70 - National Electrical Code; National Fire Protection Association; Most Recent Edition Adopted
by Authority Having Jurisdiction, Including All Applicable Amendments and Supplements.

1.5 SUBMITTALS

A. Product Data: Include performance data, operating characteristics, furnished specialties and accessories.
1. Prior to flue vent installation, engineered calculations and drawings must be submitted to Engineer

to thoroughly demonstrate that size and configuration conform to recommended size, length and
footprint for each submitted Boiler.

B. Efficiency Curves: At a minimum, submit efficiency curves for 100%, 50%, and 5% input firing rates at
incoming water temperatures ranging from 60°F to 180°F. Test protocols shall conform to industry
standards and shall be witnessed and reviewed by an independent, third-party group.

C. Shop Drawings: For Boilers, Boiler trim and accessories, include:
1. Plans, elevations, sections, details and attachments to other work
2. Wiring Diagrams for power, signal and control wiring
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D. Source Quality Control Test Reports: Reports shall be included in submittals.

E. Field Quality Control Test Reports: Reports shall be included in submittals.

F. Operation and Maintenance Data: Data to be included in Boiler emergency, operation and maintenance
manuals.

1.6 WARRANTY

A. The complete heat exchanger assemblly shall carry a ten (10) year limited warranty

B. The mechanical contractor shall provide two (2) years maintenance, including parts, labor (including
travel time), for all boilers/related equipment

1.7 OTHER INFORMATIONAL SUBMITTALS

A. The Boiler shall bear the ASME "H" stamp for 160 psi working pressure and shall be National Board
listed.

1.8 QUALITY ASSURANCE

A. Electrical Components, Devices and Accessories: Boilers must be listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended
use.

B. I=B=R Performance Compliance: Condensing Boilers must be rated in accordance with applicable
federal testing methods and verified by AHRI as capable of achieving the energy efficiency and
performance ratings as tested within prescribed tolerances.

C. ASME Compliance: Condensing Boilers must be constructed in accordance with ASME Boiler and
Pressure Vessel Code, Section IV “Heating Boilers”.

D. ASHRAE/IESNA 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas and Oil Fired
Boilers - Minimum Efficiency Requirements."

E. DOE Compliance. Minimum efficiency shall comply with 10 CFR 430, Subpart B, Appendix N, "Uniform
Test Method for Measuring the Energy Consumption of Furnaces and Boilers."

F. UL Compliance. Boilers must be tested for compliance with UL 795, "Commercial-Industrial Gas Heating
Equipment." Boilers shall be listed and labeled by a testing agency acceptable to authorities having
jurisdiction.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Basis-of-Design Product: Bradford White BNTH150PXN3 (See Drawing Schedule)

B. Burnham
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C. Aerco

D. Substitutions: See Section 01 60 00 - Product Requirements.

2.2 BOILER DESIGN

A. The unit(s) shall be design-certified to comply with the current edition of the Harmonized ANSI Z21.13 /
CSA 4.9 Standard for Gas- Fired Low Pressure Steam and Hot Water Boilers. The unit(s) shall be
designed and constructed in accordance with the ASME Boiler & Pressure Vessel Code, Section IV
requirements for 160 psi (1103 kPa) maximum working pressure, and shall bear the ASME "H" Stamp
and be listed by the National Board. The unit(s) shall be constructed to comply with the efficiency
requirements of the latest edition of ASHRAE Standard 90.1. The boiler shall be equipped with an ASME
certified pressure relief valve set at 75psi 517 (kPa). Optional pressure relief valves with settings of 30psi
(207kPa), 50psi (345 kPa), 60psi (413 kPa), 125psi (861 kPa) or 150psi (1034 kPa) shall be available.

B. The boiler must meet ANSI Z21.13-2013, section 5.26 boilers for outdoor installations.

C. The boiler shall be listed with the U.S. Department of Energy as an Energy Star appliance. The boiler
shall be listed with AHRI (Air Conditioning, Heating and Refrigeration Institute). The boiler shall have
minimum efficiencies of 96.5%.

D. The water tube heat exchanger shall be stainless steel, rated for 160 psi (1103 kPa) working pressure.
The heat exchanger shall be a low water volume design, welded construction, with no gaskets, o-rings or
bolts in the header. Heat exchanger shall be accessible for visual inspection and cleaning of all internal
surfaces. The boiler shall be fully condensing design with built-in condensate drain and trap. The heat
exchanger shall have a limited ten-year warranty.

E. Each boiler shall be fully test fired, (with water, gas, and venting connected), and all safety components
tested, at the factory.

F. The boiler shall be sealed combustion, and removal of jacket panels shall not affect the combustion seal.
The boiler jacket shall be a unitized shell finished with acrylic thermo-set paint baked at not less than
325°F (163°C). The frame shall be constructed of galvanized steel for strength and protection. Chamber
shall include a sight glass for viewing flame. Boiler shall be certified for zero clearance to combustible
surfaces.

G. All water, gas, vent and air connections shall be on the top of the boiler, and the top jacket panels shall
be split, such that they are removable without disconnecting the water, gas, vent or air pipes.

H. The boiler shall be shipped with a pump and a conduit. The wiring and terminals shall be wired to the
pump. The boiler shall have a flanged inlet water connection that allows the pump to be connected
directly to the top of the boiler in the field. The pump shall be capable of serving the boiler's heat
exchanger and 30 feet of piping that is the same size as the boiler's water connections, with a normal
number of pipe fittings.

I. Boiler shall operate on 4-13" w.c. gas pressure, and shall need no component changes to operate at high
altitude, up to 10,000 feet.
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J. The boiler shall use a premix burner with a stainless steel woven metal fiber wrap, and a negative
pressure gas valve to burn cleanly, with NOx emissions not exceeding 10ppm. The boiler shall meet the
emissions requirements of SCAQMD 2012.

K. The boiler shall be designed for horizontal venting using up to 100 equivalent feet of 4" diameter IPEX
System 636 CPVC. Air shall be ducted directly to the boiler, using up to 100 equivalent feet of 4"
diameter IPEX System 636 CPVC. The boiler shall use IPEX System 636 concentric vent kits. The first
section of CPVC vent pipe shall be shipped with each boiler.

L. Boiler condensate neutralization kits required.  Contractor to provide manufacturer recommened kit if a
specific unit is not indicated in the design drawings.

2.3 ELECTRICAL

A. Unit shall be 120VAC, single phase, less than 6 Amps (including pump) for connection to a 15A breaker.
The control circuit shall be 24VAC.

2.4 BOILER CONTROLS

A. The boiler control shall be an integrated electronic PID temperature and ignition control with large color
touchscreen display and shall control the boiler operation and firing rate. The boiler display shall be
visible without the removal of any jacket panels or control panels.

B. When a display or control is field-replaced, the device shall have the ability to read parameter setpoints
from the original set-up, so the system does not have to be re-programmed.

C. The control shall have the ability to control the boiler pump, system pump, and indirect domestic water
pump, each with delay features. The control shall be able to cascade and lead-lag with other Brute (BNT)
controllers, without additional system controllers

D. The control shall have the ability to integrate indirect domestic water heating with the boiler system. The
control shall have domestic hot water priority, and shall have the ability to recognize a domestic water
sensor or closure from a tank stat on the same terminals. The boiler shall be shipped with the domestic
water heater sensor, as standard equipment.

E. The control shall have built-in outdoor reset feature with customizable reset curves, based on the outdoor
temperature and desired system water temperature. The boiler shall be shipped with the outdoor reset
sensor, as standard equipment.

F. The control shall easily allow the user to force the boiler into minimum or maximum firing rate, for setup
and diagnostic purposes, and shall have a cleaning mode that allows the user to wipe the screen without
activating any functions from the touchscreen.

G. The control shall have the ability to accept a 4-20mA or 0-10VDC input connection from an external
control or building automation system, to modulate the flame. The control shall have dry alarm contacts
for ignition failure.

H. The control shall monitor flue gas temperature and shall stop the boiler from firing if temperature is
excessive. The control shall have a variable speed boiler pump control option.
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I. Allowable control adjustments shall include: boiler temperature setpoint; domestic water temperature
setpoint; automatic high limit; °F or °C display; setpoint for time of day input; DHW setpoint for time of
day input; PID gain parameters; DHW PID gain parameters; manual firing rate control; pump delay time;
pump exercise interval; outdoor reset selection; low boiler setpoint temperature (for outdoor reset
operation); boiler temperature at high outdoor temperature (for outdoor reset operation); boiler setpoint at
low outdoor temperature (for outdoor reset operation); warm weather shutdown; automatic remote signal
detection; anti-shortcycle feature enable/disable.

J. The control shall have installer-level password, and verification feature to ensure that safety-related
parameters are not altered by mistake.

K. In multiple boiler systems the boilers shall be controlled to keep each one in the lowest firing rate
possible, based on system demand, to maximize efficiency. For example, the master control shall choose
to bring on all boilers at low firing rates, instead of one boiler at a high rate, to meet the system needs.

L. A control that is chosen as master in a system with multiple controllers shall display an icon of each of
the controls that it is controlling. The color of the icon shall indicate if the control is in normal operation, in
lockout, in standby mode, in a hold state, or if there is a communication error. In addition to adjustable
parameters, the master display shall also be able to show information about the following for each boiler
it is monitoring:

domestic hot water • fan • flame detection
burner control • domestic water pump • statistics
demand and modulation   • boiler pump • stack limit
temperature • system pump • frost protection

M. The control shall graphically depict the firing rate of each boiler in system, if the controller is the master of
other Brute boilers in a multiple boiler system. The control shall also show information about system,
such as outdoor temperature and system temperature, where applicable.

N. The controller shall be able to send information through a modbus connection, including (but not limited
to) inlet and outlet water temperatures, stack temperature, DHW temperature and priority, central heating
temperature, frost protection, warm weather shutdown, status of sensors, fan speed, setpoints, remote
control input, burner status, lockout codes, alarm reasons, system pump status, boiler pump status and
domestic water pump status.

O. Control diagnostics shall include, at a minimum, the following: ignition failure, grounded flame rod, safety
chain interrupt, boiler high limit exceeded, domestic water high limit exceeded, temperature rise limit
exceeded, stack limit exceeded, pressure sensor fault, combustion pressure fault, blocked air intake,
sensor errors (open or shorted), 24VAC voltage low or high, modulation fault, pump fault, AC input
phases reversed, and fan speed proving rate failure.

P. The control shall have a clock with a battery backup and will allow the user to access the burner run time,
and cycle counts for the burner, DHW pump, system pump and boiler pump

Q. The control shall differentiate between a lockout, a hold, or an alert. If an issue occurs, the system will
display a brief description of the issue on the control screen. The user shall be able to tap the display to
be presented with a more detailed explanation of the issue.
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R. Integral boiler controls to interface with Tekmar Controllers as indicated in design drawings HVAC
Sequence of Operations

PART 3 - EXECUTION

3.1 EXAMINATION

A. Before Boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and
locations. Examine piping and electrical connections to verify actual locations, sizes and other conditions
affecting Boiler performance, maintenance and operations.
1. Final Boiler locations indicated on Drawings are approximate. Determine exact locations before

roughing-in for piping and electrical connections.

B. Examine mechanical spaces for suitable conditions where Boilers will be installed.

C. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 BOILER INSTALLATION

A. Install Boilers level on concrete bases. Concrete materials and installation requirements are specified in
Division 03, Section 03 30 00 Cast in Place Concrete.

B. Install gas-fired Boilers according to NFPA 54.

C. Assemble and install Boiler trim.

D. Install electrical devices furnished with Boiler but not specified to be factory mounted.

E. Install control wiring to field-mounted electrical devices.

3.3 CONNECTIONS

A. Piping installation requirements are specified in other Division 23 sections. Drawings indicate general
arrangement of piping, fittings and specialties.

B. Install piping adjacent to Boiler to permit service and maintenance.

C. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full size of
connection. Provide an isolation valve if required.

D. Connect gas piping to Boiler gas-train inlet with unions. Piping shall be at least full size of gas train
connection. Provide a reducer if required.

E. Connect hot-water piping to supply and return Boiler tappings with shutoff valve and union or flange at
each connection.

F. Install piping from safety relief valves to nearest floor drain.

G. Boiler Venting
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1. Install flue venting kit and combustion-air intake.
2. Connect venting full size to Boiler connections. Comply with requirements in Division 23, Section 23

51 00 "Breechings, Chimneys and Stacks."

H. Ground equipment according to Division 26, Section 26 05 26 "Grounding and Bonding for Electrical
Systems."

I. Connect wiring according to Division 26, Section 26 05 19 "Low-Voltage Electrical Power Conductors and
Cables."

3.4 FIELD QUALITY CONTROL

A. Perform tests and inspections and prepare test reports.
1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect

components, assemblies and equipment installations, including connections, and to assist in
testing.

B. Tests and Inspections
1. Installation and Startup Test: Perform installation and startup checks according to manufacturer's

written instructions.
2. Leak Test: Perform hydrostatic test. Repair leaks and retest until no leaks exist.
3. Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust air-fuel ratio

and combustion.
4. Controls and Safeties: Test and adjust controls and safeties. Replace damaged and malfunctioning

controls and equipment.
a. Check and adjust initial operating set points and high- and low-limit safety set points of fuel

supply, water level and water temperature.
b. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

C. Remove and replace malfunctioning parts and retest as specified above.

D. Occupancy Adjustments: When requested within 2 months of date of Substantial Completion, provide
on-site assistance adjusting system to suit actual occupied conditions. Provide up to two visits to Project
during other than normal occupancy hours for this purpose.

E. Performance Tests
1. The Boiler manufacturer is expected to provide partial load thermal efficiency curves. These

thermal efficiency curves must include at least three separate curves at various BTU input levels. If
these curves are not available, it is the responsibility of the Boiler manufacturer to complete the
following performance tests:
a. Engage a factory-authorized service representative to inspect component assemblies and

equipment installations, including connections, and to conduct performance testing.
b. Boilers shall comply with performance requirements indicated, as determined by field

performance tests. Adjust, modify, or replace equipment to comply.
c. Repeat tests until results comply with requirements indicated.
d. Provide analysis equipment required to determine performance.
e. Provide temporary equipment and system modifications necessary to dissipate the heat

produced during tests if building systems are not adequate.
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f. Notify Project Manager, Commissioner, and Engineer in advance of test dates.
g. Document test results in a report and submit to Project Manager and Engineer.

END OF SECTION
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SECTION 23 7499 - PACKAGED DOAS WITH ENERGY RECOVERY

PART 1 - GENERAL

1.1 SUMMARY

A. This section includes units with integral heating and cooling for rooftop installation. Integral Energy
Recovery device shall be a rotary air-to-air total enthalpy wheel. Integral heat source shall be Indirect
Gas-Fired furnace. Integral cooling source shall be packaged DX. Airflow arrangement shall be Outdoor
Air only. Each unit shall be constructed in a horizontal configuration and shall incorporate additional
product requirements as listed in Section 2 of this specification.

B. SUBMITTALS
1. Product Data: For each type or model include the following:

a. Complete fan performance curves for both Supply Air and Exhaust Air, with system operating
conditions indicated, as tested in an AMCA Certified Chamber.

b. Sound performance data for both Supply Air and Exhaust Air, as tested in an AMCA Certified
chamber.

c. Motor ratings, electrical characteristics and motor and fan accessories.
d. Performance ratings for all chilled water or DX coils.
e. Dimensioned drawings for each type of installation, showing isometric and plan views, to

include location of attached ductwork and service clearance requirements.
f. Estimated gross weight of each installed unit.
g. Installation, Operating and Maintenance manual (IOM) for each model.
h. Microprocessor Controller (DDC) specifications to include available options and operating

protocols. Include complete data on all factory-supplied input devices.
i. AHRI Certified coil performance ratings with system operating conditions indicated. Ratings

shall be in accordance with Standard 410.
j. Energy wheel performance data for both summer and winter operation.

C. QUALITY ASSURANCE
1. Source Limitations: Obtain unit with all appurtenant components or accessories from a single

manufacturer.
2. For the actual fabrication, installation, and testing of work under this section, use only thoroughly

trained and experienced workers completely familiar with the items required and with the
manufacturer's current recommended methods of installation.

3. Product Options: Drawings must indicate size, profiles and dimensional requirements of unit and
are to be based on the specific system indicated. Refer to Division 1 Section "Product
Requirements".

4. Certifications
a. Blowers shall be AMCA Certified for air flow.
b. Entire unit shall be ETL Certified per U.L. 1995 and bear an ETL sticker.
c. Energy Wheel shall be AHRI Certified, per Standard 1060.
d. Coils shall be Recognized Components for ANSI/UL 1995, CAN / CSA C22.2 No 236.05. DX

and water coils shall be AHRI Certified per standard 410-2001.
e. Indirect gas-fired furnace shall be ETL Certified as a component of the ERU. Indirect gas-fired

furnace shall be an ETL Recognized Component of the ERU per ANSI Z83.8.
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D. COORDINATION
1. Coordinate size and location of all building penetrations required for installation of each unit and

associated plumbing and electrical systems.
2. Coordinate location of water system fittings to ensure correct positioning for connection to the water

coil and condensate drain pipe.
3. Coordinate sequencing of construction of associated plumbing, HVAC, electrical supply, roofing

contractor.

E. EXTRA MATERIALS
1. Furnish extra materials described below that match products installed and that are packaged with

protective covering for storage and identified with labels describing contents.
a. Filters: 1 set(s) of MERV 8 disposable Supply Air and Exhaust Air filters and 1 set(s) of MERV

8 and MERV 13 disposable final filters for each unit.
b. One set of energy wheel belts.

F. WARRANTY
1. The mechanical contractor shall provide two (2) years maintenance, including parts, labor (including

travel time), for all DOAS equipment

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Available Manufacturers: Subject to compliance with specifications contained within this document,
manufacturers offering products that may be incorporated into the work include, but are not limited to:
1. LG
2. Valent Air Management Systems
3. Mitsubishi Electric US, Inc.

B. MANUFACTURED UNITS
1. Unit shall be fully assembled at the factory and consist of an insulated metal cabinet, exhaust air

blower, evaporator coil, energy wheel, indirect gas-fired furnace, packaged DX system, phase and
brownout protection, motorized dampers, curb assembly, filter assembly intake air, supply air
blower assembly, exhaust/relief blower assembly, filter assembly for exhaust air, and an electrical
control center. All specified components and internal accessories factory installed are tested and
prepared for single-point high voltage connection except with electric post heat which has dual
point power.

C. CABINET
1. Materials: Formed, double wall insulated metal cabinet, fabricated to permit access to internal

components for maintenance.
a. Outside casing: 18 gauge, galvanized (G90) steel meeting ASTM A653 for components that

do not receive a painted finish. Pre-painted components as supplied by the factory shall have
polyester urethane paint on 18 gauge G60 galvaneal steel. Components that receive a painted
finish per A / E specification shall be painted with a polyester urethane powder coat.

b. Internal assemblies: 24 gauge, galvanized (G90) steel except for motor supports which shall
be minimum 14 gauge galvanized (G90) steel.
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2. Cabinet Insulation: Comply with NFPA 90A and NFPA 90B and erosion requirements of UL 181.
a. Materials: Fiberglass insulation. If insulation other than fiberglass is used, it must also meet

the Fire Hazard Classification shown below.
1) Thickness: 2 inch (50 mm)
2) Fire Hazard Classification: Maximum flame spread of 25 and smoke developed of 50,

when tested in accordance with ASTM C 411.
3. Access panels / doors: Unit shall be equipped with insulated, hinged doors or removable access

panels to provide easy access to all major components. Doors and access panels shall be
fabricated of 18 gauge galvanized G90 steel or painted galvannealed steel.

4. Supply Air blower assemblies: Blower assembly shall consist of an electric motor and direct-drive
fans. Assembly shall be mounted on heavy gauge galvanized steel rails and further mounted on
1.125 inch thick neoprene vibration isolators. Blower motors shall be capable of continuous speed
modulation and controlled by a VFD.

5. Exhaust Air blower assemblies: Blower assembly shall consist of an electric motor and a
direct-drive fan. Assembly shall be mounted on heavy gauge galvanized steel rails and further
mounted on 1.125 inch thick neoprene vibration isolators. Blower motor shall be capable of
continuous speed modulation and controlled by a VFD.

6. Evaporator Coil: Evaporator coil shall be AHRI Certified and shall be (silver) soldered or brazed into
the compressed refrigerant system. Coil shall be constructed of copper tubing, permanently bonded
to aluminum fins and enclosed in a galvanized steel frame. If two compressors are used as
components of the unit, then the evaporator coil shall be of "interlaced" configuration, permitting
independent operation of either compressor without conflict with the other compressor.

7. Control panel / connections: Units shall have an electrical control center where all high and low
voltage connections are made. Control center shall be constructed to permit single-point high
voltage power supply connections. RTU shall be equipped with a Unit Disconnect Switch.

8. Energy wheel: Energy wheel shall be of total enthalpy, rotary air-to-air type and shall be an element
of a removable energy wheel cassette. The cassette shall consist of a galvanized steel framework
(designed to produce laminar air flow through the wheel), an energy wheel as specified and a motor
and drive assembly. The cassette shall incorporate a pre-tensioned urethane drive belt with a five
year warranty. The wheel media shall be a polymer film matrix in a stainless steel framework and
be comprised of individual segments that are removable for servicing. Non-segmented energy
wheels are not acceptable. Silica gel desiccant shall be permanently bonded to the polymer film
and is designed and constructed to permit cleaning and servicing. The energy wheel is to have a
five year warranty. Performance criteria are to be as specified in AHRI Standard 1060, complying
with the Combined Efficiency data in the submittal.

9. Modulating frost control. Control system shall include an outdoor air thermostat and pressure
sensor on the wheel assembly to initiate frost control sequence.

10. Indirect gas furnace
a. Shall be ETL Certified as a component of the unit.
b. Shall have an integral combustion gas blower.
c. Shall be ETL Certified for installation downstream of a cooling coil.
d. Shall have fault sensors to provide fault conditions to optional digital controller or building

controls.
e. Shall have 4-pass tubular heat exchangers, constructed of type 409 stainless steel. Heat

exchanger tubes shall be installed on the vest plate by means of swaged assembly, welded
connections are not acceptable. Heat exchanger tubes shall be supported by a minimum of
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two fabricated assemblies that support the tubes and also permit expansion and contraction of
the tubes.

f. Heat exchanger shall have a 10 year extended warranty.
g. Furnace control shall be 4:1 Modulating.
h. Shall be encased in a weather-tight metal housing with intake air vents. Large, metal lift-off

door shall provide easy access to the enclosed vest plate, control circuitry, gas train, burner
assembly and exhaust blower.

i. Shall have solid state controls permitting stand-alone operation or control by building
controllers.

11. Packaged DX System: Unit shall have an integral compressor(s) and  evaporator coil located within
the weather-tight unit housing. Condenser coils and appurtenant condenser fan assemblies shall be
factory installed as integral subassemblies of the unit and mounted on the exterior of the unit.
Condenser fan motors shall be three phase, type 56 frame, Open Air Over and Shaft Up. Each
condenser fan motor shall have a vented frame, rated for continuous duty and be equipped with an
automatic reset thermal protector. Motors shall be UL Recognized and CSA Certified. The
refrigerant compressor(s) shall be digital hermetic scroll-type and shall be equipped with liquid line
filter drier, thermostatic expansion valves (TXV)(s), manual reset  high pressure and low pressure
cutouts and all appurtenant sensors, service ports and safety devices. Compressed refrigerant
system shall be fully charged with R-410A  refrigerant. Each compressor shall be factory-equipped
with an electric crankcase heater to boil off liquid refrigerant from the oil.

12. Packaged DX Control and Diagnostics: The Packaged DX system shall be controlled by an
onboard digital controller (DDC) that indicates both owner-supplied settings and fault conditions that
may occur. The DDC shall be programmed to indicate the following faults:
a. Global alarm condition (active when there is at least one alarm)
b. Supply Air Proving alarm
c. Dirty Filter Alarm
d. Compressor Trip alarm
e. Compressor Locked Out alarm
f. Supply Air Temperature Low Limit alarm

1) Sensor #1 Out of Range (outside air temperature)
2) Sensor #2 Out of Range (supply air temperature)
3) Sensor #3 Out of Range (cold coil leaving air temperature)

13. Phase and brownout protection: Unit shall have a factory-installed phase monitor to detect electric
supply phase loss and voltage brown-out conditions. Upon detection of a fault, the monitor shall
disconnect supply voltage to all motors.

14. Motorized dampers / Intake Air, Motorized dampers of low leakage type shall be factory installed.
15. Curb Assembly: A curb assembly made of 14 gauge galvanized steel shall be provided by the

factory for assembly and installation as part of this division. The curb assembly shall provide
perimeter support of the entire unit and shall have duct adapter(s) for supply air and return air. Curb
assembly shall enclose the underside of the unit and shall be sized to fit into a recess in the bottom
of the unit. Contractor shall be responsible for coordinating with roofing contractor to ensure curb
unit is properly flashed to provide protection against weather/moisture penetration. Contractor shall
provide and install appropriate insulation for the curb assembly. The curb shall be the height of 14
in..

16. Service receptacle: 120 VAC GFCI service outlet shall be factory-provided and installed by this
contractor in a location designated by the A / E. Service outlet requires a dedicated single phase
electric circuit. Unit contains a 120 VAC transformer to provide power to service outlet.
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17. Hail Guards: Protects the condensing unit from damage due to extreme weather conditions such as
hail and flying debris.

18. Vapor Tight Lights: Provide service lights mounted in the unit to be used during times of routine
maintenance. The lights must be wired by others on the jobsite, as they will not be wired through
the unit control center.

D. BLOWER
1. Blower section construction, Supply Air: direct drive motor and blower shall be assembled on a 14

gauge galvanized steel platform and shall be equipped with 1.125 inch thick neoprene vibration
isolation devices.

2. Blower assemblies: Shall be statically and dynamically balanced and designed for continuous
operation at maximum rated fan speed and horsepower.

3. Fan: Airfoil plenum fan statically and dynamically balanced, AMCA certified for air and sound
performance, mounted on ground and polished steel fan shafts with ball bearing pillow blocks.
Bearings shall be selected for a minimum L10 life in excess of 50,000 hours at maximum
catalogued speeds.

4. Blower section motor source quality control: Blower performance shall be factory tested for flow
rate, pressure, power, air density, rotation speed and efficiency. Ratings are to be established in
accordance with AMCA 210, "Laboratory Methods of Testing Fans for Rating".

E. MOTORS
1. General: Blower motors greater than 3/4 horsepower shall be "NEMA Premium" unless otherwise

indicated. Compliance with EPAct minimum energy-efficiency standards for single speed ODP and
TE enclosures is not acceptable. Motors shall be heavy-duty, permanently lubricated type to match
the fan load and furnished at the specified voltage, phase and enclosure.

2. Motors shall be 60 cycle, 3 phase 208 volts.

F. UNIT CONTROLS
1. The unit shall be constructed so that it can function as a stand-alone heating and cooling system

controlled by factory-supplied controllers, thermostats and sensors or it can be operated as a
heating and cooling system controlled by a Building Management System (BMS). This unit shall be
controlled by a factory-installed microprocessor programmable controller (DDC) that is connected to
various optional sensors.

2. Unit shall incorporate a DDC controller with integral LCD screen that provides text readouts of
status. DDC controller shall have a built-in keypad to permit operator to access read-out screens
without the use of ancillary equipment, devices or software. DDC controllers that require the use of
equipment or software that is not factory-installed in the unit are not acceptable. Alarm readouts
consisting of flashing light codes are not acceptable. Owner-specified ventilating conditions can be
input by means of pushbuttons.

3. Unit supply fan shall be configured for Constant Volume (ON/OFF).
4. Unit exhaust fan shall be configured for building pressure by factory.
5. Outside Air / Return Air damper control shall be
6. Economizer control shall be temperature / dew point.
7. Dirty filter sensor shall be factory installed.
8. Operating protocol: The DDC shall be factory-programmed for Modbus.
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9. Variable Frequency Drive (VFD): unit shall have factory installed variable frequency drive for
modulation of the supply and exhaust air blower assemblies. The VFD shall be factory-programmed
for unit-specific requirements and shall not require additional field programming to operate.

10. M-NET connection: unit shall have factory installed connection hardware to interface with Mitsubishi
Electric City Multi VRF systems. This hardware must enable the unit to be monitored and controlled
from a remote interface that is also integrated to control the MEUS VFR systems.

G. FILTERS
1. Unit shall have permanent metal filters located in the outdoor air intake and shall be accessible

from the exterior of the unit. MERV 8 disposable pleated filters shall be provided in the supply air
stream. MERV 8 and MERV 13 disposable pleated filters shall be provided in the supply final air
stream and MERV 8 filters in the exhaust air stream.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Prior to start of installation, examine area and conditions to verify correct location for compliance with
installation tolerances and other conditions affecting unit performance. See unit IOM.

B. Examine roughing-in of plumbing, electrical and HVAC services to verify actual location and compliance
with unit requirements. See unit IOM.

C. Proceed with installation only after all unsatisfactory conditions have been corrected.

D. INSTALLATION
1. Installation shall be accomplished in accordance with these written specifications, project drawings,

manufacturer's installation instructions as documented in manufacturer's IOM, Best Practices and
all applicable building codes.

E. CONNECTIONS
1. In all cases, industry Best Practices shall be incorporated. Connections are to be made subject to

the installation requirements shown above.
2. Piping installation requirements are specified in Division 22 (Plumbing). Drawings indicate general

arrangement of piping, fittings and specialties.
3. Duct installation and connection requirements are specified in Division 23 of this document.
4. Electrical installation requirements are specified in Division 26 of this document.

F. FIELD QUALITY CONTROL
1. Manufacturer's Field Service: Engage a factory authorized service representative to inspect field

assembled components and equipment installation, to include electrical and piping connections.
Report results to A / E in writing. Inspection must include a complete startup checklist to include (as
a minimum) the following: Completed Start-Up Checklists as found in manufacturer's IOM.

G. START-UP SERVICE
1. Engage a factory authorized service representative to perform startup service. Clean entire unit,

comb coil fins as necessary, install clean filters. Measure and record electrical values for voltage
and amperage. Refer to Division 23 "Testing, Adjusting and Balancing" and comply with provisions
therein.
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H. DEMONSTRATION AND TRAINING
1. Engage a factory authorized service representative to train owner's maintenance personnel to

adjust, operate and maintain the entire unit. Refer to Division 01 Section Closeout Procedures and
Demonstration and Training.

END OF SECTION
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SECTION 23 8129 - VARIABLE REFRIGERANT FLOW HVAC SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Variable refrigerant volume HVAC system includes:
1. Outdoor/condensing unit(s).
2. Indoor/evaporator units.
3. Branch selector units.
4. Refrigerant piping.
5. Control panels.
6. Control wiring.

1.2 RELATED REQUIREMENTS

A. Section 22 1005 - Plumbing Piping:  Condensate drain piping.

B. Section 23 0800 - Commissioning of HVAC.

C. Section 23 2300 - Refrigerant Piping:  Additional requirements for refrigerant piping system.

D. Section 26 0583 - Wiring Connections:  Power connections to equipment.

1.3 REFERENCE STANDARDS

A. AHRI 210/240 - Standard for Performance Rating of Unitary Air-Conditioning and Air-Source Heat Pump
Equipment; 2008, Including All Addenda.

B. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; Most
Recent Edition Cited by Referring Code or Reference Standard.

C. ASHRAE Std 90.1 I-P - Energy Standard for Buildings Except Low-Rise Residential Buildings; Most
Recent Edition Adopted by Authority Having Jurisdiction, Including All Applicable Amendments and
Supplements.

D. ITS (DIR) - Directory of Listed Products; current edition.

E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

F. UL 1995 - Heating and Cooling Equipment; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Preinstallation Meeting:  Conduct a preinstallation meeting one week prior to the start of the work of this
section; require attendance by all affected installers.
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1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Pre-Bid Submittals:  For proposed substitute systems/products, as defined in PART 2, and alternate
systems/products, as defined above, proposer shall submit all data described in this article, under the
terms given for substitutions stated in PART 2.

C. Shop Drawings:  Installation drawings custom-made for this project; include as-designed HVAC layouts,
locations of equipment items, refrigerant piping sizes and locations, condensate piping sizes and
locations, remote sensing devices, control components, electrical connections, control wiring
connections.  Include:
1. Detailed piping diagrams, with branch balancing devices.
2. Condensate piping routing, size, and pump connections.
3. Detailed power wiring diagrams.
4. Detailed control wiring diagrams.
5. Locations of required access through fixed construction.
6. Drawings required by manufacturer.

D. Operating and Maintenance Data:
1. Manufacturer's complete standard instructions for each unit of equipment and control panel.
2. Custom-prepared system operation, troubleshooting, and maintenance instructions and

recommendations.
3. Identification of replaceable parts and local source of supply.

E. Project Record Documents:  Record the following:
1. As-installed routing of refrigerant piping and condensate piping.
2. Locations of access panels.
3. Locations of control panels.

1.6 QUALITY ASSURANCE

A. Manufacturer Qualifications:
1. Company that has been manufacturing variable refrigerant volume heat pump equipment for at

least 5 years.

B. Installer Qualifications:  Trained and approved by manufacturer of equipment.

1.7 DELIVERY, STORAGE AND HANDLING

A. Deliver, store, and handle equipment and refrigerant piping according to manufacturer's
recommendations.

1.8 WARRANTY

A. The mechanical contractor shall provide two (2) years maintenance, including parts, labor (including
travel time), for all VRF related equipment
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PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Basis of Design:  The system design shown in the contract documents is based on equipment and
system designed by LG; www.lg-vrf.com.
1. Simultaneous Cooling and Heating VRF System (Heat Pump VRF systems are not equivalent

and will not be allowed as an Alternate)
a. LG Multi V IV heat recovery system shall be an air cooled, system consisting of one to three

outdoor unit(s) connected to Heat Recovery (HRU) unit(s) and indoor unit(s). Multi-port heat
recovery units shall allow simultaneous heating and cooling of individual zone(s).

b. The heat recovery system shall be capable of operating with 208V, 3 phase power.

B. Simultaneous Cooling and Heating VRF Systems (Heat Pump VRF systems are not equivalent and
will not be allowed as an Alternate) designed and manufactured by other manufacturers
(Trane/Mitsubishi, Daikin) will be considered by Owner under the terms described for substitutions with
the following exceptions:
1. Substitution requests will be considered only if received at least 10 days prior to the bid date.
2. Substitution requests will be considered only if required submittal data is complete; see article

SUBMITTALS above.
3. Contractor (not equipment supplier) shall certify that the use of the substitute system and

equipment will not require changes to other work or re-design by DEDC, LLC.
4. Do not assume substitution has been accepted until formal written notice has been issued by

DEDC, LLC.

2.2 HVAC SYSTEM DESIGN

A. System Operation:  Heating and cooling, simultaneously.
1. Zoning:  Provide capability for temperature control for each individual indoor/evaporator unit

independently of all other units.
2. Zoning:  Provide heating/cooling selection for each individual indoor/evaporator unit independently

of all other units.
3. Provide a complete functional system that achieves the specified performance based on the

specified design conditions and that is designed and constructed according to the equipment
manufacturer's requirements.

4. Conditioned spaces are indicated on drawings.
5. Branch selector unit locations are not indicated on drawings.
6. Required equipment unit capacities are indicated on drawings.
7. PRELIMINARY Refrigerant piping sizes are shown on the drawings.

a. CONTRACTOR TO VERIFY PIPE SIZING WITH VENDOR BASED ON FINAL EQUIPMENT
LOCATIONS PRIOR TO INSTALLATION

b. CONTRACTOR TO SUBMIT PIPE SIZING INFORMATION TO DEDC, LLC FOR APPROVAL
PRIOR TO INSTALLATION

8. Connect equipment to condensate piping provided by others; condensate piping is indicated on
drawings.

B. Cooling Mode Interior Performance:
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1. Daytime Setpoint:  68 degrees F, plus or minus 2 degrees F.
2. Setpoint Range:  57 degrees F to 77 degrees F.
3. Night Setback:  78 degrees F.
4. Interior Relative Humidity:  20 percent, maximum.

C. Heating Mode Interior Performance:
1. Daytime Setpoint:  68 degrees F, plus or minus 2 degrees F.
2. Setpoint Range:  59 degrees F to 80 degrees F.
3. Night Setback:  60 degrees F.
4. Interior Relative Humidity:  10 percent, minimum.

D. Refrigerant Piping Lengths:  Provide equipment capable of serving system with following piping lengths
without any oil traps:
1. Minimum Piping Length from Outdoor/Central Unit(s) to Furthest Terminal Unit:  540 feet, actual;

620 feet, equivalent.
2. Total Combined Liquid Line Length:  3280 feet, minimum.
3. Minimum Piping Length Between Indoor Units:  49 feet.

E. Control Wiring Lengths:
1. Between Outdoor/Condenser Unit and Indoor/Evaporator Unit:  6,665 feet, minimum.
2. Between Outdoor/Condenser Unit and Central Controller:  3,330 feet, minimum.
3. Between Indoor/Evaporator Unit and Remote Controller:  1,665 feet.

F. Controls:  Provide the following control interfaces:
1. For Each Indoor/Evaporator Unit:  One wall-mounted wired "local" controller, with temperature

sensor; locate where indicated.
2. One central remote control panel for entire system; locate where indicated.

G. Remote Temperature Sensors:  In addition to temperature sensors integral with indoor/evaporator units,
provide wall-mounted, wired remote temperature sensors located in the same room for all units.

2.3 EQUIPMENT

A. All Units:  Factory assembled, wired, and piped and factory tested for function and safety.
1. Refrigerant:  R-410A.
2. Performance Certification:  AHRI Certified; www.ahrinet.org.
3. Safety Certification:  Tested to UL 1995 by UL or Intertek-ETL, listed in ITS (DIR), and bearing the

certification label.
4. Provide outdoor/condensing units capable of serving indoor unit capacity up to 150 percent of the

capacity of the outdoor/condensing unit.
5. Provide units capable of serving the zones indicated.
6. Energy Efficiency:  Report EER and COP based on tests conducted at “full load” in accordance with

AHRI 210/240 or alternate test method approved by U.S. Department of Energy.

B. System Controls:
1. Include self diagnostic, auto-check functions to detect malfunctions and display the type and

location.
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C. Unit Controls:  As required to perform input functions necessary to operate system; provided by
manufacturer of units.
1. Provide interfaces to remote control and building automation systems as specified.
2. Outside air capability.

D. Refrigerant Piping:
1. Insulate each refrigerant line individually between the condensing and indoor units.

2.4 LG MULTI V IV VRF OUTDOOR/CONDENSING UNITS

A. Outdoor/Condensing Units:  Air-cooled DX refrigeration units, designed specifically for use with
indoor/evaporator units; factory assembled and wired with all necessary electronic and refrigerant
controls; modular design for ganging multiple units.
1. Refrigeration Circuit:  Scroll compressors, motors, fans, condenser coil, electronic expansion

valves, solenoid valves, 4-way valve, distribution headers, capillaries, filters, shut off valves, oil
separators, service ports and refrigerant regulator.

2. Refrigerant:  Factory charged.
3. Variable Volume Control:  Modulate compressor capacity automatically to maintain constant suction

and condensing pressures while varying refrigerant volume to suit heating/cooling loads.
4. Capable of being installed with wiring and piping to the left, right, rear or bottom.
5. Capable of heating operation at low end of operating range as specified, without additional low

ambient controls or auxiliary heat source; during heating operation, reverse cycle (cooling mode) oil
return or defrost is not permitted, due to potential reduction in space temperature.

6. Sound Pressure Level:  As specified, measured at 3 feet from front of unit; provide night setback
sound control as a standard feature; three selectable sound level steps of 55 dB, 50 dB, and 45 dB,
maximum.

7. Power Failure Mode:  Automatically restart operation after power failure without loss of programmed
settings.

8. Safety Devices:  High pressure sensor and switch, low pressure sensor/switch, control circuit fuses,
crankcase heaters, fusible plug, overload relay, inverter overload protector, thermal protectors for
compressor and fan motors, over current protection for the inverter and anti-recycling timers.

9. Provide refrigerant sub-cooling to ensure the liquid refrigerant does not flash when supplying to us
indoor units.

10. Oil Recovery Cycle:  Automatic, occurring 2 hours after start of operation and then every 8 hours of
operation; maintain continuous heating during oil return operation.

11. Controls:  Provide contacts for electrical demand shedding.

B. Unit Cabinet:  Weatherproof and corrosion resistant; rust-proofed mild steel panels coated with baked
enamel finish.
1. Designed to allow side-by-side installation with minimum spacing.

C. Fans:  One or more direct-drive propeller type, vertical discharge, with multiple speed operation via DC
(digitally commutating) inverter.
1. Provide minimum of 2 fans for each condensing unit.
2. External Static Pressure:  Factory set at 0.12 in WG, minimum.
3. Indoor Mounted Air-Cooled Units:  External static pressure field set at 0.32 in WG, minimum;

provide for mounting of field-installed ducts.
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4. Fan Airflow:  As indicated for specific equipment.
5. Fan Motors:  Factory installed; permanently lubricated bearings; inherent protection; fan guard;

output as indicated for specific equipment.

D. Condenser Coils:  Copper tubes expanded into aluminum fins to form mechanical bond; waffle louver fin
and rifled bore tube design to ensure high efficiency performance.

E. Compressors:  Scroll type, hermetically sealed, variable speed inverter-driven and fixed speed in
combination to suit total capacity; minimum of one variable speed, inverter driven compressor per
condenser unit; minimum of two compressors per condenser unit; capable of controlling capacity within
range of 6 percent to 100 percent of total capacity.
1. Multiple Condenser Modules:  Balance total operation hours of compressors by means of duty

cycling function, providing for sequential starting of each module at each start/stop cycle,
completion of oil return, and completion of defrost, or every 8 hours.

2. Failure Mode:  In the event of compressor failure, operate remaining compressor(s) at
proportionally reduced capacity; provide microprocessor and associated controls specifically
designed to address this condition.

3. Provide each compressor with crankcase heater, high pressure safety switch, and internal thermal
overload protector.

4. Provide oil separators and intelligent oil management system.
5. Provide spring mounted vibration isolators.

F. Outdoor Unit shall be capable at the following operating ambient air conditions.
1. Heat Recovery System

a. Cooling: 14°F DB to 122°F DB <With optional low ambient kit from     -4°F DB to 122°F DB>
1) Heating: -13°F WB to 61°F WB
2) Cooling based synchronous:  14°F DB to 81°F DB
3) Heating-based synchronous: 14°F WB to 61°F WB

G. General
1. The air-conditioning system shall use R410A refrigerant.
2. Each system shall have one, two or three air source outdoor units.
3. Dual and triple frame configurations shall be field piped together using manufacturer’s designed

and supplied Y-branch kit and field provided interconnecting pipe to form a common refrigerant
circuit.

4. Refrigerant circuit configuration for Heat Recovery System
a. The refrigerant circuit shall be constructed using field provided copper piped together with

manufacturer supplied Heat Recovery unit(s) and Y- branches or Header fittings connected to
multiple (ducted, non-ducted or combination thereof) indoor units to effectively and efficiently
control the simultaneous heating and cooling operation of the VRF system.

b. Each refrigerant pipe, y-branch, header kit, elbows and valves shall be individually insulated
with no air gaps. All joints shall be glued and sealed.

5. Refrigerant circuit configuration for Heat Pump System
a. The refrigerant circuit shall be constructed using field provided copper piped together with

manufacturer supplied Y- branches or Headers connected to multiple (ducted, non-ducted or
combination thereof) indoor units to effectively and efficiently control heating or cooling
operation of the VRF system.
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b. All refrigerant pipe, y-branch, header kit, elbows and valves shall be individually insulated with
no air gaps. All joints shall be glued and sealed.

6. Factory installed microprocessor controls in the outdoor unit(s), HR unit(s), and indoor unit(s) shall
perform functions to efficiently operate the VRF system and communicate in a daisy chain
configuration between outdoor unit and HR unit(s) and indoor unit(s) via RS485.

7. The system shall be designed to accept connection up to 58 indoor units.
8. The system shall be capable of performing continuous operation when an individual indoor unit is

being serviced or power to indoor unit is disconnected.
9. The maximum allowable system combination ratio shall be 130%. Systems designed with

combination ratio above 130% are not acceptable.
10. The total nominal capacity of all indoor units shall be no less than 50% and no more than 130% of

outdoor unit’s nominal capacity to ensure the VRF system will have sufficient capacity to meet the
building’s cooling and heating load at design day weather conditions.

11. The outdoor unit shall have a fusible plug.
12. The fusible plug shall have a threaded connector.
13. The unit shall be shipped from the factory fully assembled including internal refrigerant piping,

compressor, contacts, relay(s), power and communications wiring necessary.
14. Each outdoor unit refrigeration circuit shall have the following components:

a. Refrigerant strainer(s)
b. Check valve(s)
c. Oil separator
d. Accumulator
e. 4-way reversing valve
f. Vapor injection valve
g. Variable path valve
h. (viii) Oil balancing valve for Hi-POR (Available for 12 & 14 ton only)
i. Oil Level sensor
j. Electronic expansion valve(s)
k. Sub-cooler
l. High and low side Schrader valve service ports with caps.
m. (xiii) Service valves

H. System
1. System shall have a variable flow path heat exchanger function to vary the refrigerant flow path

based on system operating mode and operating conditions.
2. System shall have a middle pressure suction gas vapor injection function.
3. System shall have an active refrigerant control function to vary the system refrigerant quantity

based on operating mode and operating conditions.
4. System shall have following frame sizes vs. capacity.

a. 12 and 14 ton units shall be a single frame only etc.
1) 22 and 24 ton units shall be dual frame only etc.

(a) 30 ton heat recovery units shall be available etc.

I. Refrigerant Pipe System Design Parameters
1. The outdoor unit shall be capable of operating at an elevation difference of up to 360 feet above or

below the lowest or highest indoor unit respectively.
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2. The outdoor unit shall be capable of operating with up to 3280 equivalent length feet of
interconnecting liquid line refrigerant pipe in the network.

3. The outdoor unit shall be capable of operating with up to 656 actual feet or 738 equivalent length
feet of liquid line refrigerant pipe spanning between outdoor unit and farthest indoor unit.

J. Defrost Operations
1. The outdoor unit(s) shall be capable of auto defrost operation to melt accumulated frost off the

outdoor unit heat exchanger. The defrost cycle control shall be based on outdoor ambient
temperatures and outdoor unit heat exchanger temperatures.
a. Continuous heating defrost

1) During first two defrost cycles the unit shall allow heating mode indoor unit fans to stay
“on” in low speed continuing to heat.

b. Complete defrost
1) The third defrost cycle shall switch all outdoor units to defrost mode to fully melt and

clear frost, snow or ice accumulations off the outdoor coil while turning “off” heating
mode indoor unit fans to maintain efficient performance.

K. Oil Management
1. The system shall have Hi-POR (High Pressure Oil Return) to ensure a consistent film of oil on all

moving compressor parts at low speed. Oil is returned to compressor through a separate oil
injection pipe.
a. Oil return system shall maintain high side pressure return to the compressor

2. The system shall be provided with a centrifugal oil separator designed to extract oil from the
oil/refrigerant gas stream leaving the compressor and return the extracted oil to the compressor oil
sump.

3. The system shall have an oil level sensor in the compressor to provide direct oil level sensing.
4. The system shall only initiate an oil return cycle if the oil level is too low.
5. Timed oil return operations or non-oil level sensing systems shall not be permitted.

L. Cabinet
1. Outdoor unit cabinet shall be made of 20 gauge galvanized steel with an enamel finish.
2. Outdoor unit cabinet finish shall be tested in accordance with ASTM B-117 salt spray test

procedure for a minimum of 1000 hours.
3. The front panels of the outdoor units shall be removable type for access to internal components.
4. A smaller service access panel, not larger than 6.25”x 6.67” and secured by a maximum of (2)

screws shall be provided to access the following:
a. Service tool connection
b. DIP switches
c. Auto addressing
d. Error codes

5. The cabinet shall have piping knockouts to allow refrigerant piping to be connected at the front or
through the bottom of the unit.

M. Fan Assembly
1. Each 6 ton cabinet shall be equipped with one direct drive variable speed propeller fan with

Brushless Digitally Controlled (BLDC) motor with a vertical air discharge.
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2. Each 8 to 14 ton cabinet shall be equipped with two direct drive variable speed propeller fan(s) with
BLDC motor(s) with a vertical air discharge.

3. The fan(s) blades shall be made of Acrylonitrile Butadiene Styrene (ABS) material.
4. The fan(s) motor shall be equipped with permanently lubricated bearings.
5. The fan motor shall be variable speed with a maximum operating speed of 1050 RPM.
6. The fan shall have a raised guard to help prevent contact with moving parts.
7. The cabinet shall have option to change the discharge air direction from vertical to horizontal using

optional factory provided air guides.
8. The cabinet shall have DIP switch setting to raise external static pressure up to 0.32 in-wg.

N. Outdoor Unit Coil
1. The outdoor unit shall have a factory built coil comprised of aluminum fins mechanically bonded on

copper tubing.
2. The copper tubes shall have inner groves.
3. The aluminum fins shall have factory applied corrosion resistant GoldFin™   material.
4. Hydrophilic Coil coating shall be tested in accordance with ASTM B-117 salt spray test procedure

for a minimum of 1000 hours
5. The outdoor unit coil shall be tested to a pressure of 551 psig.
6. The coil for each cabinet shall have 14 Fins per Inch (FPI).
7. All the outdoor units shall have a 3 rows heat exchanger.
8. The cabinet shall have a coil guard.

O. Compressor(s)
1. Each 6, 8, 10 ton cabinet shall be equipped with one hermetically sealed, inverter driven, High Side

Shell (HSS) scroll compressor.
2. The 12 and 14 ton cabinet shall be equipped with two hermetically sealed, inverter driven, HSS

controlled scroll compressors.
3. Each inverter driven, HSS scroll compressor shall be capable of operating in a frequency range

from 15 Hz to 150 Hz with control in 0.5 Hz increments.
4. The compressor(s) shall be equipped with a 60 Watt crankcase heater.
5. The compressor shall use a factory charge of Polyvinyl Ether (PVE) oil.
6. The compressor bearing(s) shall have Teflon™ coating.
7. The compressor(s) shall be protected with:

a. High Pressure switch
b. Over-current /under current protection
c. Phase failure
d. Phase reversal

8. Standard, non-inverter driven compressors shall not be permitted

P. Sound Levels
1. Each cabinet shall be rated with a sound level not to exceed 59.5 dB(A) when tested in an anechoic

chamber under ISO3745 standard.

Q. Sensors
1. Each single cabinet shall have

a. Suction temperature sensor
b. Discharge temperature sensor
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c. High Pressure sensor
d. Low Pressure sensor
e. Outdoor temperature sensor
f. Outdoor unit heat exchanger temperature sensor

2.5 LG MULTI V IV VRF HEAT RECOVERY UNITS

A. General
1. HR unit shall be designed and manufactured by the same manufacturer of VRF indoor unit(s) and

outdoor unit(s).
2. HR unit casing shall be made with galvanized steel.
3. HR unit shall require 208-230V/1-phase/60Hz power supply.
4. HR Unit shall be an intermediate refrigerant control device between the air source outdoor unit and

the indoor units to control the systems simultaneous cooling and heating operation.
5. HR unit shall be designed to be piped in series or parallel.
6. Each port shall be capable of operating in cooling or heating independently regardless of the

operating mode of any other port on the HR unit or in the system.
7. Each port shall be capable of connecting from 1 to 8 indoor units to a maximum nominal capacity of

54MBh.
8. Maximum nominal capacity per HR unit shall not exceed 192MBh.
9. Indoor units greater than 54MBh nominal capacity shall be twinned using a reverse Y-branch.
10. HR unit shall be internally piped, wired, assembled and run tested at the factory.
11. HR unit shall be designed for installation in a conditioned environment.
12. HR unit shall have a liquid bypass valve.
13. HR unit shall have (2) two-position solenoid valves per port.
14. HR unit shall have a balancing valve to control the pressure between the high pressure and low

pressure pipe during mode switching.
15. HR unit shall have an electronic expansion valve for subcooling.
16. HR unit shall not require a condensate drain.
17. HR unit shall be internally insulated.
18. All field refrigerant lines between outdoor unit and HR unit and from HR unit to indoor unit shall be

field insulated.
19. The HR unit shall not exceed a net weight of 49 lbs.
20. The system shall be designed to accommodate 16 HR units connected to Heat Recovery units

piped in single series string.
21. A single series pipe string of 1 to 16 HR units shall be capable of serving indoor units with a total

nominal capacity of 192 MBH per HR unit.

B. Piping Capabilities
1. The elevation difference between indoor units on heat pump systems shall be 131 feet.
2. The elevation differences for heat recovery systems shall be:

a. Heat recovery unit (HRU) to connected indoor unit shall be 49 feet
b. HRU to HRU shall be 49 feet
c. Indoor unit to indoor unit connected to same HRU shall be 49 feet
d. Indoor unit to indoor unit connected to separate parallel HRU’s shall be 131 feet.

3. The acceptable elevation difference between two series connected HR units shall be 16 feet.
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C. Controls
1. HR unit(s) shall have factory installed unit mounted control boards and integral microprocessor to

communicate with other devices in the VRF system.
2. HR unit shall communicate with the air source unit via the air source/indoor unit 2-conductor

shielded communications cable terminated using a daisy chain configuration.
3. The VRF manufacturer shall provide published documentation that specifically allows the

installation of field provided isolation valves on all pipes connected to the Heat Recovery unit to
allow the servicing of HR units refrigerant circuit or the replacement of HR unit without evacuating
the balance of the piping system.

D. Branch Selector Units:  Concealed boxes designed specifically for this type of system to control
heating/cooling mode selection of downstream units; consisting of electronic expansion valves,
subcooling heat exchanger, refrigerant control piping and electronics to facilitate communications
between unit and main processor and between branch unit and indoor/evaporator units.
1. Control direction of refrigerant flow using electronic expansion valves; use of solenoid valves for

changeover and pressure equalization is not permitted due to refrigerant noise; use of multi-port
branch selector boxes is not permitted unless spare ports are provided for redundancy.

2. Provide one electronic expansion valve for each downstream unit served, except multiple
indoor/evaporator units may be connected, provided balancing joints are used in downstream
piping and total capacity is within capacity range of the branch selector.

3. When branch unit is simultaneously heating and cooling, energize subcooling heat exchanger.
4. Casing:  Galvanized steel sheet; with flame and heat resistant foamed polyethylene sound and

thermal insulation.
5. Refrigerant Connections:  Braze type.
6. Condensate Drainage:  Provide unit that does not require condensate drainage.

2.6 LG MULTI V IV VRF INDOOR/EVAPORATOR UNITS

A. All Indoor/Evaporator Units:  Factory assembled and tested DX fan-coil units, with electronic proportional
expansion valve, control circuit board, factory wiring and piping, self-diagnostics, auto-restart function,
3-minute fused time delay, and test run switch.
1. Refrigerant:  Refrigerant circuits factory-charged with dehydrated air, for field charging.
2. Temperature Control Mechanism:  Return air thermistor and computerized

Proportional-Integral-Derivative (PID) control of superheat.
3. Coils:  Direct expansion type constructed from copper tubes expanded into aluminum fins to form a

mechanical bond; waffle louver fin and high heat exchange, rifled bore tube design; factory tested.
a. Provide thermistor on liquid and gas lines.

4. Fans:  Direct-drive, with statically and dynamically balanced impellers; high and low speeds unless
otherwise indicated; motor thermally protected.

5. Return Air Filter:  Washable long-life net filter with mildew proof resin, unless otherwise indicated.
6. Condensate Drainage:  Built-in condensate drain pan with PVC drain connection.

a. Units With Built-In Condensate Pumps:  Provide condensate safety shutoff and alarm.
b. Units Without Built-In Condensate Pump:  Provide built-in condensate float switch and wiring

connections.
7. Cabinet Insulation:  Sound absorbing foamed polystyrene and polyethylene insulation.

B. Wall Mounted - Standard
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1. General
a. Unit shall be manufactured by LG.
b. Unit shall be factory assembled, wired, piped and run tested.
c. Unit shall be designed to be installed for indoor application.
d. Unit shall be attached to an installation plate/bracket that secures unit to the wall.
e. The depth of the unit shall not exceed 10-1/2 inches.

2. Casing/Panel
a. Unit case shall be manufactured of heavy duty Acrylonitrile Butadiene Styrene (ABS) and High

Impact Polystyrene (HIPS) plastic.
b. Unit case shall have a pearl white finish.
c. The front surface of the unit shall have an architectural curved panel with pearl white finish.

3. Cabinet Assembly
a. Unit shall have one supply air outlet and one return air inlet.
b. Unit shall be equipped with factory installed temperature thermistors for

1) Return air
2) Refrigerant entering coil
3) Refrigerant leaving coil

c. Unit shall have a built-in control panel to communicate with the outdoor unit.
d. Unit shall have the following functions as standard

1) Self-diagnostic function
2) Auto restart function
3) Auto changeover function
4) Auto clean function
5) Dehumidifying function
6) Hot Start
7) Sleep mode

e. Unit shall be capable of refrigerant piping in 4 different directions.
f. Unit shall be capable of drain piping in 2 different directions.

4. Fan Assembly
a. The unit shall have a direct drive, cross flow fan made of high strength ABS plastic.
b. The fan motor is Brushless Digitally controlled (BLDC) with permanently lubricated and sealed

ball bearings.
c. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.
d. The fan speed shall be controlled using microprocessor based direct digitally controlled

algorithm.
e. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, Power Cool,

and Auto.
f. In heating mode, the indoor fan shall have the following settings: Low, Med, High, Power Heat,

and Auto.
g. The Auto fan setting shall adjust the fan speed to most effectively achieve the set-point.
h. (viii) Unit shall have factory installed motorized louver to provide flow of air in up and down

direction for uniform airflow.
i. Unit shall have factory installed motorized guide vane to control the direction of flow of air from

side to side.
5. Filter Assembly

a. The return air inlet shall have a factory supplied primary removable, washable filter.
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b. <LSN---HSV3 and LSN---HV3 units shall be equipped with factory supplied secondary 3M
HAF Filter>.

c. The filter access shall be from the front of the unit.
6. Coil Assembly

a. Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on copper
tubing.

b. Unit shall have minimum of 2 rows of coils.
c. Unit shall have a factory supplied condensate drain pan below the coil.
d. Unit shall be designed for gravity drain.
e. Unit shall have a factory insulated drain hose to handle condensate.
f. Unit shall have provision of 45° flare refrigerant pipe connections
g. The coil shall be factory pressure tested at a minimum of 551 psig.
h. (viii) All refrigerant piping from outdoor unit to indoor unit shall be field insulated.

7. Condensate Sensor Connection
a. The unit shall include a factory installed condensate sensor connection compatible with the

AquaGuard® AG-9300-LG condensate sensor.
8. Microprocessor Control

a. The unit shall have a factory installed microprocessor controller capable of performing
functions necessary to operate the system.

b. The unit shall be able to communicate with the outdoor unit using a field supplied minimum of
18 AWG, 4 core, stranded and shielded power/communication cable.

c. The unit shall be capable of setting Cooling Only operation.
d. The unit controls shall operate the indoor unit using one of the five operating modes:

1) Auto changeover
2) Heating
3) Cooling
4) Dry
5) Fan only

9. Electrical
a. The unit electrical power shall be 208-230/1/60 (V/Ph/Hz)
b. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

10. Controls
a. The indoor unit shall be supplied with a wireless handheld controller.
b. An optional wired controller shall be available as an additional accessory.

C. Ceiling Cassette - 4 Way
1. General

a. Unit shall be manufactured by LG.
b. Unit shall be factory assembled, wired, piped and run tested.
c. Unit shall be designed to be installed for indoor application.
d. Unit shall be designed to mount recessed in the ceiling and has a surface mounted concentric

grille on the bottom of the unit.
2. Casing/Panel

a. Unit case shall be manufactured using galvanized steel plate.
b. The unit shall be provided with an off-white Acrylonitrile Butadiene Styrene (ABS) polymeric

resin architectural grille.
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c. The grille shall have a tapered trim edge, and a hinged, spring clip (screw-less) return air
filter-grille door.

d. Unit shall be provided with metal ears designed to support the unit weight on four corners.
e. Ears shall have pre-punched holes designed to accept field supplied all thread rod hangers.

3. Cabinet Assembly
a. Unit shall have four supply air outlets and one return air inlet.
b. The supply air outlet shall be through four-directional slot diffusers each equipped with

independent oscillating motorized guide vane designed to change the airflow direction.
c. The grille shall have a discharge range of motion of 40° in an up/down direction with

capabilities of locking the vanes.
d. The unit shall have a guide vane algorithm designed to sequentially change the predominant

discharge airflow direction in counterclockwise pattern.
e. Guide vanes shall provide airflow in all directions.
f. Unit shall be equipped with factory installed temperature thermistors for

1) Return air
2) Refrigerant entering coil
3) Refrigerant leaving coil

g. Unit shall have a built-in control panel to communicate with the outdoor unit.
h. (viii) The unit shall have provision for fresh air ventilation through a knock-out on the cabinet.
i. The unit shall have factory designated branch duct knockouts on the unit case.

1) The branch duct knockouts shall have the ability to duct up to half of the unit airflow
capacity.

2) The branch duct shall be ducted within the same room as the indoor unit.
j. Unit shall have the following functions as standard

1) Self-diagnostic function
2) Auto restart function
3) Auto changeover function
4) Dehumidifying function
5) Forced operation
6) Hot Start
7) Sleep mode

4. Fan Assembly
a. The unit shall have a single direct driven turbo fan.
b. The fan shall be made of high strength ABS HT-700 polymeric resin.
c. The fan motor is Brushless Digitally controlled (BLDC) with permanently lubricated and sealed

ball bearings.
d. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.
e. The fan speed shall be controlled using microprocessor based direct digitally controlled

algorithm.
f. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, Power Cool,

and Auto.
g. In heating mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.
h. (viii) The Auto fan setting shall adjust the fan speed to most effectively achieve the set-point.
i. Unit shall have factory installed motorized louvers to provide flow of air in up and down

direction for uniform airflow.
5. Filter Assembly
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a. The return air inlet shall have a factory supplied primary removable, washable filter.
b. The filter access shall be from the bottom of the unit.
c. <Optional><The unit shall have provision for an optional plasma filter.>

1) or
d. <Optional><The unit shall have provision for an optional auto-elevating grille kit designed to

provide motorized ascent/descent of the return air grille/pre filter assembly.>
1) <The ascent/descent of the return air grille shall be up to a distance of 14-3/4 feet

allowing access to remove and clean the filter.>
2) <The auto-elevating grille shall have a control algorithm to accept up, down and stop

control commands from the controller.>
3) <The auto-elevating grille shall have a control to stop the descent automatically if a

contact is made with any obstacle.>
6. Coil Assembly

a. Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on copper
tubing.

b. Unit shall have minimum of 2 rows of coils.
c. Unit shall have a factory supplied condensate drain pan below the coil.
d. Unit shall have an installed and wired condensate drain pump capable of providing minimum

31.5 inch lift from bottom surface of the unit.
e. The drain pump shall have a safety switch to shut off the unit if condensate rises too high in

the drain pan.
f. Unit shall have provision of 45° flare refrigerant pipe connections.
g. The coil shall be factory pressure tested at a minimum of 551 psig.
h. (viii) All refrigerant piping from outdoor unit to indoor unit shall be field insulated.

7. Microprocessor Control
a. The unit shall have a factory installed microprocessor controller capable of performing

functions necessary to operate the system.
b. The unit shall be able to communicate with the outdoor unit using a field supplied minimum of

18 AWG, 4 core, stranded and shielded power/communication cable.
c. The unit controls shall operate the indoor unit using one of the five operating modes:

1) Auto changeover
2) Heating
3) Cooling
4) Dry
5) Fan only

8. Electrical
a. The unit electrical power shall be 208-230/1/60 (V/Ph/Hz)
b. The unit shall be capable of operating within voltage limits of +/- 10% of the rated voltage.

9. Controls
a. The indoor unit shall be supplied with a wireless handheld controller.
b. An optional wired controller shall be available as an additional accessory.

D. Ducted - High Static
1. General

a. Unit shall be manufactured by LG.
b. Unit shall be factory assembled, wired, piped and run tested.
c. Unit shall be designed to be installed for indoor application.
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d. Unit shall be designed to mount fully concealed above the finished ceiling.
e. Unit shall have opening to supply air from front horizontal and a dedicated rear horizontal

return.
f. The supply air opening shall be flanged for field installed ductwork that shall not exceed the

external static pressure limitation of the unit.
2. Casing/Panel

a. Unit case shall be manufactured using galvanized steel plate.
b. The cold surfaces of the unit shall be covered internally with a coated polystyrene insulating

material.
c. The cold surfaces of the unit shall be covered externally with sheet insulation made of

Ethylene Propylene Diene Monomer (M-Class) (EPDM)
d. T The external insulation shall be plenum rated and conform to ASTM Standard D-1418.
e. Unit shall be provided with hanger brackets designed to support the unit weight on four

corners.
f. Hanger brackets shall have pre-punched holes designed to accept field supplied, all thread

rod hangers.
3. Cabinet Assembly

a. Unit shall have supply air discharge outlets horizontal and a return air inlet horizontal.
b. Unit shall be equipped with factory installed temperature thermistors for

1) Return air
2) Refrigerant entering coil
3) Refrigerant leaving coil

c. Unit shall have a built-in control panel to communicate with the outdoor unit.
d. Unit shall have the following functions as standard

1) Self-diagnostic function
2) Auto restart function
3) Auto changeover function
4) Dehumidifying function
5) Child lock function
6) Dual thermistor control
7) Hot Start
8) Sleep mode
9) External static pressure (ESP) control

4. Fan Assembly
a. The unit shall have two direct driven Sirocco fans.
b. The fan shall be made of high strength ABS GP-2200 polymeric resin.
c. The fans shall be mounted on a common shaft.
d. The fan motor shall be Brushless Digitally controlled (BLDC) with permanently lubricated and

sealed ball bearings.
e. The fan/motor assembly shall be mounted on vibration attenuating rubber grommets.
f. The fan speed shall be controlled using microprocessor based direct digitally controlled

algorithm.
g. In cooling mode, the indoor fan shall have the following settings: Low, Med, High, and Auto.
h. (viii) In heating mode, the indoor fan shall have the following settings: Low, Med, High, and

Auto.
i. The Auto fan setting shall adjust the fan speed to most effectively achieve the set-point.
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5. Filter Assembly
a. The return air inlet shall have a factory supplied removable, washable filter.
b. The filter access shall be from the rear of the unit.
c. <Optional><Return filter box with high-efficiency filter shall be field provided and installed not

to exceed external static pressure limitation of the high static ducted indoor unit.>
d. <Optional><The unit shall have provision to mate directly with high efficiency filter box to

accommodate up to field provided 1” or 2”MERV rated filter modules.>
e. <Optional><LG><DFS manufacturer> <supplied Air cleaner shall be compatible with the

capability of ducted unit.>
6. Coil Assembly

a. Unit shall have a factory built coil comprised of aluminum fins mechanically bonded on copper
tubing.

b. Unit shall have minimum of 3 rows of coils.

E. Recessed Ceiling Units - 3 FT by 3 FT:  Four-way airflow cassette with central return air grille, for
installation in a fixed ceiling.
1. Face Size:  33 inches square, nominal.
2. Cabinet Height:  Maximum of 10 inches above face of ceiling.
3. Exposed Housing:  White, impact resistant, with washable decoration panel.
4. Supply Airflow Adjustment:

a. Via motorized louvers which can be horizontally and vertically adjusted from 0 to 90 degrees.
b. Field-modifiable to 3-way and 2-way airflow.
c. Three auto-swing positions, including standard, draft prevention and ceiling stain prevention.

5. Return Air Filter:  Manufacturer's standard.
6. Minimum Capacity:  As indicated on drawings.
7. Sound Pressure Range:  Between 28 dB(A) to 33 dB(A) at low speed measured at 5 feet below the

unit.
8. Fan:  Direct-drive turbo type, with motor output range of 0.06 to 0.12 HP.
9. Condensate Pump:  Built-in, with lift of 21 inches, minimum.
10. Provide side-mounted supply air branch duct connection.
11. Provide side-mounted fresh air intake duct connection.

F. Recessed Ceiling Units - 2 FT by 2 FT:  Four-way airflow cassette with central return air grille, sized for
installation in standard 24 by 24 inch lay-in ceiling grid.
1. Cabinet Height:  Maximum of 12 inches above face of ceiling.
2. Exposed Housing:  White, impact resistant, with washable decoration panel.
3. Maintenance Access:  All electrical components accessible through decoration panel.
4. Supply Airflow Adjustment:

a. Via motorized louvers which can be horizontally and vertically adjusted from 0 to 90 degrees.
b. Field-modifiable to 3-way and 2-way airflow.
c. Three auto-swing positions, including standard, draft prevention and ceiling stain prevention.

5. Sound Pressure:  Measured at low speed at 5 feet below unit.
6. Fan:  Direct-drive turbo type.
7. Condensate Pump:  Built-in, with lift of 21 inches, minimum.
8. Provide side-mounted supply air branch duct connection.
9. Provide side-mounted fresh air intake duct connection.
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G. Concealed-In-Ceiling Units:  Ducted horizontal discharge and return; galvanized steel cabinet.
1. Return Air Filter:  Manufacturer's standard.
2. Sound Pressure:  Measured at low speed at 5 feet below unit.
3. Provide external static pressure switch adjustable for high efficiency filter operation
4. Condensate Pump:  Built-in, with lift of 9 inches, minimum.
5. Switch box accessible from side or bottom.

H. Wall Surface-Mounted Units:  Finished white casing, with removable front grille; foamed polystyrene and
polyethylene sound insulation; wall mounting plate; polystyrene condensate drain pan.
1. Airflow Control:  Auto-swing louver that closes automatically when unit stops; five (5) steps of

discharge angle, set using remote controller; upon restart, discharge angle defaulting to same angle
as previous operation.

2. Sound Pressure Range:  Measured at low speed at 3.3 feet below and away from unit.
3. Condensate Drain Connection:  Back, with piping concealed in wall.
4. Fan:  Direct-drive cross-flow type.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that required electrical services have been installed and are in the proper locations prior to starting
installation.

B. Verify that condensate piping has been installed and is in the proper location prior to starting installation.

C. Notify DEDC, LLC  if conditions for installation are unsatisfactory.

3.2 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Install refrigerant piping in accordance with equipment manufacturer's instructions.

C. Perform wiring in accordance with NFPA 70, National Electric Code (NEC).

D. Coordinate with installers of systems and equipment connecting to this system.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Provide manufacturer's field representative to inspect installation prior to startup.

3.4 SYSTEM STARTUP

A. Provide manufacturer's field representative to perform system startup.

B. Prepare and start equipment and system in accordance with manufacturer's instructions and
recommendations.
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C. Adjust equipment for proper operation within manufacturer's published tolerances.

3.5 CLEANING

A. Clean exposed components of dirt, finger marks, and other disfigurements.

3.6 CLOSEOUT ACTIVITIES

A. Demonstration:  Demonstrate operation of system to Owner's personnel.
1. Use operation and maintenance data as reference during demonstration.
2. Conduct walking tour of project.
3. Briefly describe function, operation, and maintenance of each component.

B. Training:  Train Owner's personnel on operation and maintenance of system.
1. Use operation and maintenance manual as training reference, supplemented with additional

training materials as required.
2. Provide minimum of two hours of training.
3. Instructor:  Manufacturer's training personnel.
4. Location:  At project site.

3.7 PROTECTION

A. Protect installed components from subsequent construction operations.

B. Replace exposed components broken or otherwise damaged beyond repair.

3.8 MAINTENANCE

A. See Section 01 7000 - Execution and Closeout Requirements, for additional requirements relating to
maintenance service.

END OF SECTION
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SECTION 23 8200 - CONVECTION HEATING AND COOLING UNITS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Electric unit heaters.

1.2 RELATED REQUIREMENTS

A. Section 23 0513 - Common Motor Requirements for HVAC Equipment.

B. Section 23 0716 - HVAC Equipment Insulation.

C. Section 26 0583 - Wiring Connections:  Electrical characteristics and wiring connections.  Installation of
room thermostats.  Electrical supply to units.

1.3 REFERENCE STANDARDS

A. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide typical catalog of information including arrangements.

C. Shop Drawings:
1. Indicate cross sections of cabinets, grilles, bracing and reinforcing, and typical elevations.
2. Submit schedules of equipment and enclosures typically indicating length and number of pieces of

element and enclosure, corner pieces, end caps, cap strips, access doors, pilaster covers, and
comparison of specified heat required to actual heat output provided.

D. Manufacturer's Instructions:  Indicate installation instructions and recommendations.

E. Project Record Documents:  Record actual locations of components and locations of access doors in
radiation cabinets required for access or valving.

F. Operation and Maintenance Data:  Include manufacturer's descriptive literature, operating instructions,
installation instructions, maintenance and repair data, and parts listings.

G. Warranty:  Submit manufacturer's warranty and ensure forms have been completed in Owner's name and
registered with manufacturer.

1.5 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.
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PART 2  PRODUCTS

2.1 ELECTRIC UNIT HEATERS

A. Manufacturers:  See Mechanical Drawings for schedules

B. Provide products listed, classified, and labeled by Underwriters Laboratories Inc. (UL), Intertek (ETL), or
testing firm acceptable to Authority Having Jurisdiction as suitable for the purpose indicated.

C. Assembly:  Suitable for mounting from ceiling or structure above with built-in controls, thermal safety
cut-out, and electric terminal box.

D. Housing:
1. Horizontal Projection Units:

a. Construction materials to consist of heavy gage steel with galvanized, polyester powder coat,
or high gloss baked enamel finish.

b. Provide with threaded holes for threaded rod suspension.
c. Provisions for access to internal components for maintenance, adjustments, and repair.

2. Vertical Projection Units:
a. Construction materials to consist of heavy gage steel with polyester powder coat or high gloss

baked enamel.
b. Provide with mounting support brackets or provisions for mounting from ceiling or structure

above.
c. Provisions for access to internal components for maintenance, adjustments, and repair.

E. Controls:
1. Fan speed switch.
2. Built-in thermostat.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that surfaces are suitable for installation.

3.2 INSTALLATION

A. Install in accordance with manufacturer's recommendations.

B. Unit Heaters:
1. Hang from building structure, with pipe hangers anchored to building, not from piping or electrical

conduit.
2. Mount as high as possible to maintain greatest headroom unless otherwise indicated.

C. Units with Electric Heating Elements:
1. Install as indicated including electrical devices furnished by manufacturer but not factory installed.
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2. Install wiring in accordance with the manufacturer's wiring diagram submittal and Section 26 0583.

END OF SECTION
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SECTION 23 8316 - RADIANT-HEATING HYDRONIC PIPING

RELATED DOCUMENTS

1.1 DRAWINGS AND GENERAL PROVISIONS OF THE CONTRACT, INCLUDING GENERAL AND
SUPPLEMENTARY CONDITIONS AND DIVISION 01 SPECIFICATION SECTIONS, APPLY TO THIS
SECTION.

1.2 SUMMARY

A. Section includes radiant-heating piping, including:
1. PEX pipe and fittings
2. Distribution manifolds
3. Piping specialties
4. Controls

1.3 RELATED REQUIREMENTS:

A. Section 221100 "Facility Water Distribution".

B. Section 232113 "Hydronic Piping"

1.4 REFERENCES

A. ASTM E 84 "Standard Test Method for Surface Burning Characteristics of Building Materials."

B. ASTM F 876 "Standard Specification for Crosslinked Polyethylene (PEX) Tubing."

C. ASTM F 877 "Standard Specification for Crosslinked Polyethylene (PEX) Plastic Hot- and Cold-Water
Distribution Systems."

D. ASTM F 2080 "Standard Specification for Cold-Expansion Fittings with Metal Compression Sleeves for
Cross-Linked Polyethylene (PEX) pipe."

E. CSA B137.5 "Crosslinked Polyethylene (PEX) Tubing Systems for Pressure Applications."

F. CSA B214 "Installation Code for Hydronic Heating Systems."

G. DIN 4726 "Plastic Piping Used in Warm Water Floor Heating."

H. ISO 9001 "Quality Management Systems - Requirements."

I. CAC/ULC S101 "Standard Methods of Fire Endurance Tests of Building Construction and Materials."

J. CAN/ULC S102.2 "Surface Burning Characteristics of Flooring, Floor Covering, and Miscellaneous
Materials."

K. PPI TR-3 Policies and Procedures for Developing Hydrostatic Design Basis (HDB), Pressure Design
Basis (PDB), Strength Design Basis (SDB), and Minimum Required Strength (MRS) Ratings for
Thermoplastic Piping Materials or Pipe.
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1.5 DEFINITIONS

A. PEX: Crosslinked polyethylene. Modified polyethylene material, typically high-density polyethylene
(HDPE), which has undergone a change in the molecular structure using a chemical or a physical
process where the polymer chains are permanently linked to each other.

B. Hook and Loop System: A fastening method to affix pipe to a prepared subsurface consisting of a "hook"
wrap that is factory attached to the pipe and a "loop" mat that is adhered to the subfloor. The combination
of these two components aids in the installation of the PEX radiant heating/cooling system without the
use of mechanical fasteners.

1.6 ACTION SUBMITTALS

A. Product Data: For each type of product.
1. Submit manufacturer's Technical Manual, submittal forms, catalog cuts, brochures, specifications,

and installation instructions
2. Include data for piping, fittings, manifolds, specialties, and controls; include pressure and

temperature ratings, oxygen-barrier performance, fire-performance characteristics, and water-flow
and pressure-drop characteristics.

3. Submit computer generated system design indicating pipe sizing, spacing, flow rates, and
temperatures. Design calculations shall be performed on pipe manufacturer's software or
equivalent.

4. Shop Drawings: Show piping layout and details drawn to scale, including manifolds, support
assemblies, and their attachments to building structure.
a. Shop Drawing Scale: [1/4 inch = 1 foot]
b. Indicate dimensions, descriptions of materials, general construction, component connections,

anchorage methods, and installation procedures.
c. Indicate design, schematic layout of system, including equipment, critical dimensions, and

piping/slab-penetration details, as well as details for protecting exposed PEX piping.

1.7 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For radiant-heating piping valves and equipment to include in
operation and maintenance manuals.

1.8 QUALITY ASSURANCE

A. Installer Qualifications: Installation to be performed by qualified laborers trained by the manufacturer in
the procedures of PEX radiant heating and/or cooling systems, and appropriately licensed for the
jurisdiction where the installation will take place.

B. Manufacturer Qualifications: Pipe to be manufactured in a facility whose quality management system is
ISO 9001 certified.

C. Products:
1. Crosslinked Polyethylene (PEXa) Pipe: In compliance with ASTM F 876 and CSA B137.5, certified

to these standards, and having a PPI TR-3 listing.
2. Oxygen Diffusion Barrier: In compliance with DIN 4726 requirements for oxygen permeability.
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3. PEX Piping Certification:
a. Include design calculations and details for design of PEX piping systems complying with

performance requirements, design criteria, and analysis data signed and sealed by the
qualified professional engineer responsible for their preparation.
1) Qualified Professional Engineer:  Licensed to practice engineering in the jurisdiction

which the project is located.
b. Fittings: Third-party certified to applicable referenced standards with independent listings from

[NSF] [and] [CSA], as applicable.

1.9 DELIVERY, STORAGE, AND HANDLING

A. Deliver and store piping and equipment in shipping containers with labeling in place.
1. Keep pipe in original packaging until required for installation.
2. Store piping and equipment in a safe location, dry, enclosed, and under cover, in a well-ventilated

area.
a. Protect pipe from exposure to ultraviolet light beyond exposure limits recommended by

manufacturer.
b. Protect piping and manifolds from entry of contaminating materials.
c. Where possible, connect pipes to assembled manifolds to eliminate possibility of

contaminates and cross connections.
d. Avoid dragging piping across ground or other surfaces.

3. Protect materials from damage by other trades.
4. Protect pipe from oil, grease, paint, direct sunlight, and other elements as recommended by

manufacturer.

1.10 WARRANTY

A. The pipe manufacturer warrants the crosslinked polyethylene pipe to be free from defects in material and
workmanship for a period of twenty-five (25) years.

PART 2  PRODUCTS

2.1 PEX PIPE AND FITTINGS

A. Basis-of-Design Product: Subject to compliance with requirements, provide REHAU; RAUPEX O2 Barrier
PEXa Pipe.

B. Source Limitations: Obtain PEXa pipe and fittings from a single source, from a single manufacturer.

C. Pipe Material: PEXa plastic according to ASTM F 876 and CSA B137.5.

D. Oxygen Barrier: Limit oxygen diffusion through the tube to maximum 0.32 mg per sq. m x day at 104
deg F (40 deg C) according to DIN 4726.Pressure/Temperature Rating: 160 psig (1055 kPa) at 73 deg F
(23 deg C), 100 psig (690 kPa) at 180 deg F (82 deg C) and 80 psig (550 kPa) at 200 deg F (93 deg C).

E. Bend Radius:
1. Minimum Bend Radius for Cold Bending of Pipe: Not less than five times the outside diameter.
2. Bends with radius less than five times the outside diameter require the use of a bending template

as supplied by pipe manufacturer, and/or hot air.
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2.2 FIRE RATED ASSEMBLY CLASSIFICATIONS:

A. UL Design No. L588: 1-hour wood frame floor/ceiling assemblies.

B. UL Design No. K917: 2-hour concrete floor/ceiling assemblies.

C. UL Design No. U383: 1-hour wood stud/gypsum wallboard wall assemblies.

D. UL Design No. V461: 1-hour steel stud/gypsum wallboard wall assemblies.
1. Plenum Rating:

a. Flame Spread Index and Smoke Developed Index listing to ASTM E 84 Listing may require
the pipe be installed in a rated insulation material or an approved steel support channel.

2. Mechanical Fasteners:
a. Manufacturer provided fastener to staple pipe to either the subfloor or the insulation below the

thermal mass.
b. Manufacturer provided "rail system" whereby pipe is snapped into a rail containing multiple

clips for pipe. Rails are affixed to concrete, insulation, or subgrade material.
3. Nylon or Wire Pipe Ties: In accordance with the PEX pipe manufacturer's installation instructions.
4. Hook and Loop System.

a. Basis-of-Design Product: REHAU; RAUPEX SPEED.
5. Fittings:

a. Fittings to be third-party certified to acceptable standards ASTM F 877, ASTM F 2080, and
CSA B137.5 with independent listings from NSF and/or CSA as applicable.

b. Compression Nut Manifold Fittings: Brass with a barbed insert and a split compression ring.
c. Compression-Sleeve Fittings: Brass, and approved by piping manufacturer to be part of a

proven cataloged system.
d. Fittings embedded within the thermal mass or encased behind walls or ceilings to be

col-expansion compression-sleeve fittings certified to ASTM F 2080. Where required by
manufacturer, protect fittings from external environmental conditions.

2.3 DISTRIBUTION MANIFOLDS

A. Material: Manufactured of stainless steel and supplied by the piping manufacturer as a proven cataloged
part of the manufacturer's system.

B. Brass Manifolds: Produced from extruded brass round pipe with tapped holes for connections,
pre-assembled by the manufacturer. One-hundred-percent of manifolds used shall have been air tested
by the manufacturer with no indication of leaks.

C. Balancing Manifolds
1. Where required by design, balancing manifolds shall be equipped with integral visual flow gauges,

circuit balancing and flow control valves, isolation valves with integral thermometer housings, and
air vent/fill ports.

2. Each circuit valve shall be supplied with a manual actuating handle for filling/purging operation.

2.4 CONTROLS

A. Tekmar controls - See Drawings for specific model information and sequence of operation
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B. Room Thermostats: Low-voltage devices with electronic temperature sensing.

C. Circuit Actuators: Low-voltage thermo-electric design for actuation of valves on manifold with visual
indication of position, and built-in end switches; and supplied by pipe manufacturer as part of a proven
cataloged system.

D. Automatic SIM Detector and Melting Controls
1. SIM control shall use low-voltage devices to monitor outdoor ambient, slab, fluid supply and/or

return temperatures, as well as an automatic snow and ice detector to detect moisture in the SIM
zone.

2. SIM control shall be capable of maintaining a set temperature in a SIM slab or thermal mass, with
adjustable settings for Idle and Melting mode.

3. Connection to output devices shall be as per the recommended installation of the SIM control, as
part of a proven cataloged system.

PART 3  EXECUTION

3.1 EXAMINATION

A. Examine surfaces and substrates to receive radiant-heating piping for compliance with requirements for
installation tolerances and other conditions affecting performance of the Work.
1. Ensure that surfaces and pipes in contact with radiant-heating piping are free of burrs and sharp

protrusions.
2. Ensure that surfaces and substrates are level and plumb.
3. Proceed with installation only after unsatisfactory conditions have been corrected.
4. Beginning of installation means acceptance of existing conditions.

3.2 PREPARATION

A. Coordinate with related trades and manufacturer's recommendations with regard to installation in
conjunction with:
1. Reinforcing wire mesh or rebar.
2. Preparation of space for manifold installation.
3. Installation of insulation below thermal mass (for radiant floor systems).
4. Prepare installation site as appropriate:

a. Concrete Slab-on-Grade:
1) Compact sub-grade flat and smooth to prevent damage to pipe or insulation. Install

approved vapor barrier material.
2) Install approved thermal insulation, according to design.
3) Install reinforcing wire mesh, if required, flat and level, with sharp ends pointing down.
4) Finish grade of thermal mass to be a minimum of 2 inches (51 mm) above the top of

PEX heating and/or cooling pipes.
b. Non-Structural Overpour on Sub-floor:

1) Sub-floor must be structurally sound, clean, dry, and free from all construction debris
which could potentially damage the pipe or fastening material. Replace any areas that
appear weak.
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2) To facilitate installation of pipe, remove any unnecessary stud wall baseplates in
doorways and other areas.

3) Treat any wood sub-floors with a sealant in accordance with requirements set forth in
screed installation specifications, or use pressure-treated wood, per local code
requirements.

4) Finish grade of thermal mass overpour to be a minimum of 3/4 inches (19 mm) above
the top of PEX heating and/or cooling pipes.

c. Structural Concrete Sub-floor:
1) Sub-floor must be clean, dry, and free from all construction debris which could potentially

damage the pipe of fastening material.
2) Finish grade of thermal mass to me minimum of 2 inches (51 mm) above the top of PEX

heating and/or cooling pipes.
5. Preparation of Wall Cavity for Manifold Installation:

a. Reference drawings to determine width of wall cabinet (if required) and required wall opening
dimensions. Mount manifold cabinet, allowing space for screed to fill up to front of the pipe
opening.

b. Prepare a suitable cavity for the manifold, with a secure mounting plate that will secure the
manifold at least 30 inches (750 mm) above floor level.

c. Install manifold in an area that will allow easy access for supply/return piping as well as future
access maintenance.

3.3 INSTALLATION

A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.
Indicate piping locations and arrangements if such were used to size pipe and calculate friction loss,
expansion, pump sizing, and other design considerations. Install piping as indicated unless deviations to
layout are approved on Shop Drawings or coordination drawings.

B. Install radiant-heating piping continuous from the manifold through the heated panel and back to the
manifold without piping joints in heated panels.

C. Connect radiant piping to manifold in a reverse-return arrangement when not utilizing a balancing
manifold.

D. Do not bend pipes in radii smaller than manufacturer's minimum bend radius dimensions.

E. Install manifolds in accessible locations, or install access panels to provide maintenance access as
required. Manifolds to be installed level.

F. Comply with requirements in Section 232113 "Hydronic Piping" and Section 232116 "Hydronic Piping
Specialties" for pipes and connections to hydronic systems and for glycol-solution fill requirements.

G. Fire- and Smoke-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and
floors at pipe penetrations.."

H. Piping in Exterior Surfaces, i.e. Snow and Ice Melting Systems
1. Installer to follow all manufacturer installation instructions and recommendations
2. At connections and fittings, use a plastic pipe cutter to ensure square and clean cuts. Join pipes

immediately or cap ends of pipe to seal from contaminates. Where fittings are installed within the
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thermal mass, wrap them in non-adhesive waterproof silicone tape or seal within a heat-shrink
material approved by the manufacturer.

3. Dispense pipe using a suitable uncoiling device. Remove twists prior to securing pipe. Pipe to lie
flat on an even plane.
a. Structural Slabs:

1) Finished Grade: Minimum 2 inches (51 mm) above the top of PEX heating and/or cooling
pipes.

2) Fasten pipe at no more than 3 foot (90 cm) intervals, being careful not to twist the pipe.
3) Use only fasteners supplied or approved by PEX pipe manufacturer.

b. Non-structural Slabs:
1) Finished Grade: Minimum 3/4 inches (19 mm) above the top of PEX heating and/or

cooling pipes.
2) Fasten pipe at no more than 2 foot (60 cm) intervals, being careful not to twist the pipe.
3) Use only fasteners supplied or approved by PEX pipe manufacturer.

4. Hook and Loop Fastening System:
a. Basis-of-Design Product: REHAU; RAUPEX SPEED.
b. Complete installation of loop mat before installation of pipe with hook wrap.
c. Installation area shall be structurally sound.
d. Sub-floor or structural slab to be clean, free of moisture, and all construction debris.
e. Install loop mat according to manufacturer's installation instructions.
f. Once mat is in place, install pipe with hook wrap using manufacturer's uncoiling assistance

devices.
g. Install pipe as indicated on approved shop drawings.

5. Cover piping that passes through expansion joints in protective polyethylene corrugated sleeve
(flexible conduit) extending 15 inches (380 mm) on each side of the joint. Secure sleeve on pipe to
prevent movement during installation of the thermal mass.

6. Where piping exits the thermal mass, place a protective conduit around the pipe, with the conduit
extending a minimum of 6 inches (150 mm) into the floor and exiting a minimum of 6 inches (150
mm). For penetrations at manifolds, use rigid PVC bend guides secured in place to prevent
movement.

7. At the time of installation of each circuit of pipe, connect the pipe to the correct manifold outlet and
record pipe length for balancing.
a. If manifold is not installed, cap the end of the pipe and label the pipe’s circuit numbers along

with "S" for supply and "R" for return.
b. Connect pipes to manifold as soon as possible and record circuit lengths.
c. Label all circuits to indicate circuit length and serviced area.

8. In areas intended for carpet, take the following precautions:
a. Keep all pipes 6 inches (150 mm) from all wall baseplates.
b. Install metal guards where pipe will pass through wall baseplates and where carpet tack strips

will be installed.
9. In areas intended for hardwood flooring, take the following precautions:

a. Ensure that nailing areas for hardwood flooring, if nailing is required, are clearly marked and
known for hardwood installers.

10. If the radiant heating and/or cooling system substrate material (Thermal mass) requires curing
and/or has other limitations which can be influenced by the radiant heating and/or cooling system
while in operation, then the radiant heating and/or cooling system shall not be put into operation
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until such time that the substrate material has fully cured or set according to the material
requirements of the substrate manufacturer.

11. Installer to confirm minimum and maximum exposure temperatures for the substrate material
(thermal mass) and ensure proper radiant heating and/or cooling system operating temperatures.

12. Conduct system balancing according to manufacturer's shop drawing flow rates.

3.4 FIELD QUALITY CONTROL

A. Prepare radiant-heating piping for testing as follows:
1. Open all isolation valves and close bypass valves.
2. Open and verify operation of zone control valves.
3. Flush with clean water and clean strainers.
4. Filling, Testing, and Balancing: Tests of hydronic heating and/or cooling systems shall comply with

authorities having jurisdiction, and where required, shall be witnessed by the building official.
5. Pressure gauges used in testing and balancing shall show pressure increments of 1 psig (6.9 kPa)

and shall be located at or near the lowest points in the distribution system.
6. Perform the following tests and inspections:

a. Air Test:
1) Charge the completed, yet unconcealed, pipes with air.
2) Do not exceed 150 psig (1034 kPa).
3) Use liquid gas detector or soap solution to check for leakage at manifold connections.

b. Water Test:
1) Purge air from pipes.
2) Charge the completed, yet unconcealed, pipes with water.
3) Take necessary precautions to prevent water from freezing.
4) Check system for leakage, especially at pipe joints.

c. Leak Test: Perform a leak test according to pipe manufacturers testing protocol.
d. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and

equipment.

3.5 PROTECTION

A. Protect hydronic piping system from damage during construction.

B. Replace components that cannot be repaired.

END OF SECTION
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SECTION 26 0519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Single conductor building wire.

B. Underground feeder and branch-circuit cable.

C. Service entrance cable.

D. Metal-clad cable.

E. Wire and cable for 600 volts and less.

F. Wiring connectors.

G. Electrical tape.

H. Heat shrink tubing.

I. Oxide inhibiting compound.

J. Wire pulling lubricant.

K. Cable ties.

L. Firestop sleeves.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 26 0505 - Selective Demolition for Electrical:  Disconnection, removal, and/or extension of
existing electrical conductors and cables.

C. Section 26 0526 - Grounding and Bonding for Electrical Systems:  Additional requirements for grounding
conductors and grounding connectors.

D. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

1.3 REFERENCE STANDARDS

A. ASTM B3 - Standard Specification for Soft or Annealed Copper Wire; 2013 (Reapproved 2018).

B. ASTM B8 - Standard Specification for Concentric-Lay-Stranded Copper Conductors, Hard, Medium-Hard,
or Soft; 2011 (Reapproved 2017).

C. ASTM B33 - Standard Specification for Tin-Coated Soft or Annealed Copper Wire for Electrical Purposes;
2010 (Reapproved 2014).
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D. ASTM B787/B787M - Standard Specification for 19 Wire Combination Unilay-Stranded Copper
Conductors for Subsequent Insulation; 2004 (Reapproved 2014).

E. ASTM B800 - Standard Specification for 8000 Series Aluminum Alloy Wire for Electrical Purposes -
Annealed and Intermediate Tempers; 2005 (Reapproved 2015).

F. ASTM B801 - Standard Specification for Concentric-Lay-Stranded Conductors of 8000 Series Aluminum
Alloy Wire for Subsequent Covering of Insulation; 2016.

G. ASTM D3005 - Standard Specification for Low-Temperature Resistant Vinyl Chloride Plastic
Pressure-Sensitive Electrical Insulating Tape; 2017.

H. ASTM D4388 - Standard Specification for Nonmetallic Semi-Conducting and Electrically Insulating
Rubber Tapes; 2013.

I. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

J. NECA 104 - Recommended Practice for Installing Aluminum Building Wire and Cable; 2012.

K. NECA 120 - Standard for Installing Armored Cable (AC) and Metal-Clad Cable (MC); 2012.

L. NECA 121 - Standard for Installing Nonmetallic-Sheathed Cable (Type NM-B) and Underground Feeder
and Branch-Circuit Cable (Type UF); 2007.

M. NEMA WC 70 - Power Cables Rated 2000 Volts or Less for the Distribution of Electrical Energy; 2009.

N. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

O. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

P. UL 44 - Thermoset-Insulated Wires and Cables; Current Edition, Including All Revisions.

Q. UL 83 - Thermoplastic-Insulated Wires and Cables; Current Edition, Including All Revisions.

R. UL 486A-486B - Wire Connectors; Current Edition, Including All Revisions.

S. UL 486C - Splicing Wire Connectors; Current Edition, Including All Revisions.

T. UL 486D - Sealed Wire Connector Systems; Current Edition, Including All Revisions.

U. UL 493 - Thermoplastic-Insulated Underground Feeder and Branch-Circuit Cables; Current Edition,
Including All Revisions.

V. UL 510 - Polyvinyl Chloride, Polyethylene, and Rubber Insulating Tape; Current Edition, Including All
Revisions.

W. UL 1569 - Metal-Clad Cables; Current Edition, Including All Revisions.
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1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes of raceways, boxes, and equipment enclosures installed under other sections with

the actual conductors to be installed, including adjustments for conductor sizes increased for
voltage drop.

2. Coordinate with electrical equipment installed under other sections to provide terminations suitable
for use with the conductors to be installed.

3. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents.  Obtain direction
before proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conductors and
cables, including detailed information on materials, construction, ratings, listings, and available sizes,
configurations, and stranding.

C. Design Data:  Indicate voltage drop and ampacity calculations for aluminum conductors substituted for
copper conductors. Include proposed modifications to raceways, boxes, wiring gutters, enclosures, etc. to
accommodate substituted conductors.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conductors and cables in accordance with manufacturer's
instructions.

1.8 FIELD CONDITIONS

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower than 14
degrees F, unless otherwise permitted by manufacturer's instructions. When installation below this
temperature is unavoidable, notify DEDC, LLC and obtain direction before proceeding with work.

PART 2  PRODUCTS

2.1 CONDUCTOR AND CABLE APPLICATIONS

A. Do not use conductors and cables for applications other than as permitted by NFPA 70 and product
listing.
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B. Provide single conductor building wire installed in suitable raceway unless otherwise indicated, permitted,
or required.

C. Concealed Dry Interior Locations:  Use only building wire in raceway or metal clad cable.

D. Exposed Dry Interior Locations:  Use only building wire in raceway.

E. Above Accessible Ceilings:  Use only building wire in raceway or metal clad cable.

F. Wet or Damp Interior Locations:  Use only building wire with Type UF insulation in raceway.

G. Exterior Locations:  Use only building wire with Type THWN-2 insulation in raceway.

H. Use solid conductor for feeders and branch circuits 10 AWG and smaller.

I. Use stranded conductors for control circuits.

J. Use conductor not smaller than 12 AWG for power and lighting circuits.

K. Use conductor not smaller than 14 AWG for control circuits.

L. Use 10 AWG conductors for 20 ampere, 120 volt branch circuits longer than 75 feet.

2.2 CONDUCTOR AND CABLE GENERAL REQUIREMENTS

A. Provide products that comply with requirements of NFPA 70.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, connectors, etc.
as required for a complete operating system.

D. Comply with NEMA WC 70.

E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83.

F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44.

G. Conductors for Grounding and Bonding:  Also comply with Section 26 0526.

H. Conductors and Cables Installed Exposed in Spaces Used for Environmental Air (only where specifically
permitted):  Plenum rated, listed and labeled as suitable for use in return air plenums.

I. Conductor Material:
1. Provide copper conductors except where aluminum conductors are specifically indicated or

permitted for substitution.  Conductor sizes indicated are based on copper unless specifically
indicated as aluminum.  Conductors designated with the abbreviation "AL" indicate aluminum.
a. Substitution of aluminum conductors for copper is permitted, when approved by Owner and

authority having jurisdiction, only for the following:
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1) Services:  Copper conductors size 1/0 AWG and larger.
2) Feeders:  Copper conductors size 1/0 AWG and larger.

b. Where aluminum conductors are substituted for copper, comply with the following:
1) Size aluminum conductors to provide, when compared to copper sizes indicated,

equivalent or greater ampacity and equivalent or less voltage drop.
2) Increase size of raceways, boxes, wiring gutters, enclosures, etc. as required to

accommodate aluminum conductors.
3) Provide aluminum equipment grounding conductor sized according to NFPA 70.
4) Equip electrical distribution equipment with compression lugs for terminating aluminum

conductors.
2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper conductors

complying with ASTM B3, ASTM B8, or ASTM B787/B787M unless otherwise indicated.
3. Tinned Copper Conductors:  Comply with ASTM B33.
4. Aluminum Conductors (only where specifically indicated or permitted for substitution):  AA-8000

series aluminum alloy conductors recognized by ASTM B800 and compact stranded in accordance
with ASTM B801 unless otherwise indicated.

J. Minimum Conductor Size:
1. Branch Circuits:  12 AWG.

a. Exceptions:
1) 20 A, 120 V circuits longer than 75 feet:  10 AWG, for voltage drop.
2) 20 A, 120 V circuits longer than 150 feet:  8 AWG, for voltage drop.

2. Control Circuits:  14 AWG.

K. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable minimum
size requirements specified.

L. Conductor Color Coding:
1. Color code conductors as indicated unless otherwise required by the authority having jurisdiction. 

Maintain consistent color coding throughout project.
2. Color Coding Method:  Integrally colored insulation.

a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl color
coding electrical tape.

3. Color Code:
a. 208Y/120 V, 3 Phase, 4 Wire System:

1) Phase A:  Black.
2) Phase B:  Red.
3) Phase C:  Blue.
4) Neutral/Grounded:  White.

b. Equipment Ground, All Systems:  Green.
c. Travelers for 3-Way and 4-Way Switching:  Pink.
d. For control circuits, comply with manufacturer's recommended color code.

2.3 SINGLE CONDUCTOR BUILDING WIRE

A. Manufacturers:
1. Copper Building Wire:
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a. Cerro Wire LLC:  www.cerrowire.com/#sle.
b. Encore Wire Corporation:  www.encorewire.com/#sle.
c. General Cable Technologies Corporation; _____:  www.generalcable.com/#sle.
d. Southwire Company:  www.southwire.com/#sle.
e. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  Single conductor insulated wire.

C. Conductor Stranding:
1. Feeders and Branch Circuits:

a. Size 10 AWG and Smaller:  Solid.
b. Size 8 AWG and Larger:  Stranded.

2. Control Circuits:  Stranded.

D. Insulation Voltage Rating:  600 V.

E. Insulation:
1. Copper Building Wire:  Type THHN/THWN or THHN/THWN-2, except as indicated below.

a. Size 4 AWG and Larger:  Type XHHW-2.
b. Installed Underground:  Type XHHW-2.
c. Fixture Wiring Within Luminaires:  Type TFFN/TFN for luminaires with labeled maximum

temperature of 90 degrees C; Approved suitable type for luminaires with labeled maximum
temperature greater than 90 degrees C.

2. Aluminum Building Wire (only where specifically indicated or permitted for substitution):  Type
XHHW-2.

F. Conductor:  Copper.

G. Insulation Voltage Rating:  600 volts.

H. Insulation:  NFPA 70, Type THHN/THWN.

I. Insulation:  Thermoplastic material rated 75 degrees C.

2.4 UNDERGROUND FEEDER AND BRANCH-CIRCUIT CABLE

A. Description:  NFPA 70, Type UF multiple-conductor cable listed and labeled as complying with UL 493,
Type UF-B.

B. Provide equipment grounding conductor unless otherwise indicated.

C. Conductor Stranding:
1. Size 10 AWG and Smaller:  Solid.
2. Size 8 AWG and Larger:  Stranded.

D. Insulation Voltage Rating:  600 V.

E. Cable Jacket:  Listed and labeled as sunlight resistant.
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2.5 METAL-CLAD CABLE

A. Manufacturers:
1. AFC Cable Systems Inc:  www.afcweb.com/#sle.
2. Encore Wire Corporation:  www.encorewire.com/#sle.
3. Southwire Company:  www.southwire.com/#sle.

B. Description:  NFPA 70, Type MC cable listed and labeled as complying with UL 1569, and listed for use
in classified firestop systems to be used.

C. Conductor Stranding:
1. Size 10 AWG and Smaller:  Solid.
2. Size 8 AWG and Larger:  Stranded.

D. Insulation Voltage Rating:  600 V.

E. Insulation:  Type THHN, THHN/THWN, or THHN/THWN-2.

F. Provide dedicated neutral conductor for each phase conductor where indicated or required.

G. Grounding:  Full-size integral equipment grounding conductor.

H. Armor:  Steel, interlocked tape.

I. Description:  NFPA 70, Type MC.

J. Conductor:  Copper.

K. Insulation Voltage Rating:  600 volts.

L. Insulation Temperature Rating:  75 degrees C.

M. Insulation Material:  Thermoplastic.

N. Armor Material:  Steel.

O. Armor Design:  Interlocked metal tape.

2.6 WIRING CONNECTORS

A. Description:  Wiring connectors appropriate for the application, suitable for use with the conductors to be
connected, and listed as complying with UL 486A-486B or UL 486C as applicable.

B. Connectors for Grounding and Bonding:  Comply with Section 26 0526.

C. Wiring Connectors for Splices and Taps:
1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors.
2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression

connectors.
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3. Connectors for Aluminum Conductors: Use compression connectors.

D. Wiring Connectors for Terminations:
1. Provide terminal lugs for connecting conductors to equipment furnished with terminations designed

for terminal lugs.
2. Provide compression adapters for connecting conductors to equipment furnished with mechanical

lugs when only compression connectors are specified.
3. Where over-sized conductors are larger than the equipment terminations can accommodate,

provide connectors suitable for reducing to appropriate size, but not less than required for the rating
of the overcurrent protective device.

4. Provide motor pigtail connectors for connecting motor leads in order to facilitate disconnection.
5. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression

connectors where connectors are required.
6. Stranded Conductors Size 10 AWG and Smaller:  Use crimped terminals for connections to

terminal screws.
7. Conductors for Control Circuits:  Use crimped terminals for all connections.

E. Do not use insulation-piercing or insulation-displacement connectors designed for use with conductors
without stripping insulation.

F. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors.

G. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F for standard applications and 302
degrees F for high temperature applications; pre-filled with sealant and listed as complying with UL 486D
for damp and wet locations.

H. Mechanical Connectors:  Provide bolted type or set-screw type.

I. Compression Connectors:  Provide circumferential type or hex type crimp configuration.

J. Crimped Terminals:  Nylon-insulated, with insulation grip and terminal configuration suitable for
connection to be made.

2.7 ACCESSORIES

A. Electrical Tape:
1. Manufacturers:

a. 3M:  www.3m.com/#sle.
b. Substitutions:  See Section 01 6000 - Product Requirements.

2. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; listed as
complying with UL 510; minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight;
suitable for continuous temperature environment up to 221 degrees F.

3. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying with UL 510;
minimum thickness of 7 mil; resistant to abrasion, corrosion, and sunlight; conformable for
application down to 0 degrees F and suitable for continuous temperature environment up to 221
degrees F.
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4. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape, complying with ASTM
D4388; minimum thickness of 30 mil; suitable for continuous temperature environment up to 194
degrees F and short-term 266 degrees F overload service.

5. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum thickness of 125 mil;
suitable for continuous temperature environment up to 176 degrees F.

6. Varnished Cambric Electrical Tape:  Cotton cambric fabric tape, with or without adhesive, oil-primed
and coated with high-grade insulating varnish; minimum thickness of 7 mil; suitable for continuous
temperature environment up to 221 degrees F.

7. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible, all-weather
vinyl backing; minimum thickness of 90 mil.

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V; suitable for
direct burial applications; listed as complying with UL 486D.

C. Oxide Inhibiting Compound:  Listed; suitable for use with the conductors or cables to be installed.

D. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed and suitable
for use at the installation temperature.

E. Cable Ties:  Material and tensile strength rating suitable for application.

F. Firestop Sleeves:  Listed; provide as required to preserve fire resistance rating of building elements.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that interior of building has been protected from weather.

B. Verify that work likely to damage wire and cable has been completed.

C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to
accommodate conductors and cables in accordance with NFPA 70.

D. Verify that raceway installation is complete and supported.

E. Verify that field measurements are as indicated.

F. Verify that conditions are satisfactory for installation prior to starting work.

3.2 PREPARATION

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables.

3.3 INSTALLATION

A. Circuiting Requirements:
1. Unless dimensioned, circuit routing indicated is diagrammatic.
2. When circuit destination is indicated without specific routing, determine exact routing required.
3. Arrange circuiting to minimize splices.
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4. Include circuit lengths required to install connected devices within 10 ft of location indicated.
5. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and power-limited

circuits in accordance with NFPA 70.
6. Maintain separation of wiring for emergency systems in accordance with NFPA 70.
7. Circuiting Adjustments:  Unless otherwise indicated, when branch circuits are indicated as

separate, combining them together in a single raceway is not permitted.
8. Common Neutrals:  Unless otherwise indicated, sharing of neutral/grounded conductors among up

to three single phase branch circuits of different phases installed in the same raceway is not
permitted.  Provide dedicated neutral/grounded conductor for each individual branch circuit.

B. Install products in accordance with manufacturer's instructions.

C. Perform work in accordance with NECA 1 (general workmanship).

D. Install aluminum conductors in accordance with NECA 104.

E. Install underground feeder and branch-circuit cable (Type UF-B) in accordance with NECA 121.

F. Install metal-clad cable (Type MC) in accordance with NECA 120.

G. Installation in Raceway:
1. Tape ends of conductors and cables to prevent infiltration of moisture and other contaminants.
2. Pull all conductors and cables together into raceway at same time.
3. Do not damage conductors and cables or exceed manufacturer's recommended maximum pulling

tension and sidewall pressure.
4. Use suitable wire pulling lubricant where necessary, except when lubricant is not recommended by

the manufacturer.

H. Exposed Cable Installation (only where specifically permitted):
1. Route cables parallel or perpendicular to building structural members and surfaces.
2. Protect cables from physical damage.

I. Paralleled Conductors:  Install conductors of the same length and terminate in the same manner.

J. Secure and support conductors and cables in accordance with NFPA 70 using suitable supports and
methods approved by the authority having jurisdiction.  Provide independent support from building
structure.  Do not provide support from raceways, piping, ductwork, or other systems.
1. Installation Above Suspended Ceilings:  Do not provide support from ceiling support system. Do not

provide support from ceiling grid or allow conductors and cables to lay on ceiling tiles.
2. Installation in Vertical Raceways:  Provide supports where vertical rise exceeds permissible limits.

K. Terminate cables using suitable fittings.
1. Metal-Clad Cable (Type MC):

a. Use listed fittings.
b. Cut cable armor only using specialized tools to prevent damaging conductors or insulation. Do

not use hacksaw or wire cutters to cut armor.

L. Install conductors with a minimum of 12 inches of slack at each outlet.
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M. Where conductors are installed in enclosures for future termination by others, provide a minimum of 5
feet of slack.

N. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment
enclosures.

O. Group or otherwise identify neutral/grounded conductors with associated ungrounded conductors inside
enclosures in accordance with NFPA 70.

P. Make wiring connections using specified wiring connectors.
1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make splices

in conduit bodies or wiring gutters.
2. Remove appropriate amount of conductor insulation for making connections without cutting, nicking

or damaging conductors.
3. Do not remove conductor strands to facilitate insertion into connector.
4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides, and

other contaminates. Do not use wire brush on plated connector surfaces.
5. Connections for Aluminum Conductors:  Fill connectors with oxide inhibiting compound where not

pre-filled by manufacturer.
6. Mechanical Connectors:  Secure connections according to manufacturer's recommended torque

settings.
7. Compression Connectors:  Secure connections using manufacturer's recommended tools and dies.

Q. Insulate splices and taps that are made with uninsulated connectors using methods suitable for the
application, with insulation and mechanical strength at least equivalent to unspliced conductors.
1. Dry Locations:  Use insulating covers specifically designed for the connectors, electrical tape, or

heat shrink tubing.
a. For taped connections, first apply adequate amount of rubber splicing electrical tape or

electrical filler tape, followed by outer covering of vinyl insulating electrical tape.
b. For taped connections likely to require re-entering, including motor leads, first apply varnished

cambric electrical tape, followed by adequate amount of rubber splicing electrical tape,
followed by outer covering of vinyl insulating electrical tape.

2. Damp Locations:  Use insulating covers specifically designed for the connectors, electrical tape, or
heat shrink tubing.
a. For connections with insulating covers, apply outer covering of moisture sealing electrical

tape.
b. For taped connections, follow same procedure as for dry locations but apply outer covering of

moisture sealing electrical tape.
3. Wet Locations:  Use heat shrink tubing.

R. Insulate ends of spare conductors using vinyl insulating electrical tape.

S. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of integrally colored
insulation as permitted in Part 2 under "Color Coding", apply half overlapping turns of tape at each
termination and at each location conductors are accessible.
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T. Color Code Legend:  Provide identification label identifying color code for ungrounded conductors at each
piece of feeder or branch-circuit distribution equipment.

U. Install firestopping to preserve fire resistance rating of partitions and other elements, using materials and
methods specified in Section 07 8400.

V. Unless specifically indicated to be excluded, provide final connections to all equipment and devices,
including those furnished by others, as required for a complete operating system.

W. Install wire and cable securely, in a neat and workmanlike manner, as specified in NECA 1.

X. Route wire and cable as required to meet project conditions.
1. Wire and cable routing indicated is approximate unless dimensioned.
2. Where wire and cable destination is indicated and routing is not shown, determine exact routing

and lengths required.

Y. Use wiring methods indicated.

Z. Pull all conductors into raceway at same time.

AA. Use suitable wire pulling lubricant for building wire 4 AWG and larger.

AB. Protect exposed cable from damage.

AC. Support cables above accessible ceiling, using spring metal clips or metal cable ties to support cables
from structure or ceiling suspension system.  Do not rest cable on ceiling panels.

AD. Use suitable cable fittings and connectors.

AE. Neatly train and lace wiring inside boxes, equipment, and panelboards.

AF. Clean conductor surfaces before installing lugs and connectors.

AG. Make splices, taps, and terminations to carry full ampacity of conductors with no perceptible temperature
rise.

AH. Use split bolt connectors for copper conductor splices and taps, 6 AWG and larger.  Tape uninsulated
conductors and connector with electrical tape to 150 percent of insulation rating of conductor.

AI. Use solderless pressure connectors with insulating covers for copper conductor splices and taps, 8 AWG
and smaller.

AJ. Use insulated spring wire connectors with plastic caps for copper conductor splices and taps, 10 AWG
and smaller.

AK. Identify and color code wire and cable under provisions of Section 26 0553.  Identify each conductor with
its circuit number or other designation indicated.
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3.4 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Perform field inspection and testing in accordance with Section 01 4000.

C. Inspect and test in accordance with NETA ATS, except Section 4.

D. Perform inspections and tests listed in NETA ATS, Section 7.3.2.  The insulation resistance test is
required for all conductors. The resistance test for parallel conductors listed as optional is not required.

E. Correct deficiencies and replace damaged or defective conductors and cables.

F. Perform inspections and tests listed in NETA STD ATS, Section 7.3.2.

END OF SECTION
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SECTION 26 0526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Grounding and bonding requirements.

B. Conductors for grounding and bonding.

C. Connectors for grounding and bonding.

D. Ground bars.

E. Ground rod electrodes.

F. Grounding and bonding components.

G. Provide all components necessary to complete the grounding system(s) consisting of:
1. Existing metal underground water pipe.
2. Metal underground water pipe.
3. Metal frame of the building.
4. Metal underground gas piping system.
5. Rod electrodes.

1.2 RELATED REQUIREMENTS

A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables:  Additional requirements for
conductors for grounding and bonding, including conductor color coding.
1. Includes oxide inhibiting compound.

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

C. Section 03 3000 - Cast-in-Place Concrete.

D. Section 26 3100 - Photovoltaic Collectors:  Additional grounding and bonding requirements for
photovoltaic systems.

E. Section 26 5600 - Exterior Lighting:  Additional grounding and bonding requirements for pole-mounted
luminaires.

1.3 REFERENCE STANDARDS

A. IEEE 81 - IEEE Guide for Measuring Earth Resistivity, Ground Impedance, and Earth Surface Potentials
of a Grounding System; 2012.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NEMA GR 1 - Grounding Rod Electrodes and Grounding Rod Electrode Couplings; 2007.
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D. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

E. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

F. UL 467 - Grounding and Bonding Equipment; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify exact locations of underground metal water service pipe entrances to building.
2. Coordinate the work with other trades to provide steel reinforcement complying with specified

requirements for concrete-encased electrode.
3. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction

before proceeding with work.

B. Sequencing:
1. Do not install ground rod electrodes until final backfill and compaction is complete.

1.5 PERFORMANCE REQUIREMENTS

A. Grounding System Resistance:  5 ohms.

1.6 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittals procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for grounding and
bonding system components.

C. Test Reports:  Indicate overall resistance to ground and resistance of each electrode.

1.7 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified
and indicated.
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PART 2  PRODUCTS

2.1 GROUNDING AND BONDING REQUIREMENTS

A. Do not use products for applications other than as permitted by NFPA 70 and product listing.

B. Unless specifically indicated to be excluded, provide all required components, conductors, connectors,
conduit, boxes, fittings, supports, accessories, etc. as necessary for a complete grounding and bonding
system.

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable minimum
size requirements specified.

D. Grounding System Resistance:
1. Achieve specified grounding system resistance under normally dry conditions unless otherwise

approved by DEDC, LLC. Precipitation within the previous 48 hours does not constitute normally
dry conditions.

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested according to IEEE
81 using "fall-of-potential" method.

3. Between Grounding Electrode System and Major Electrical Equipment Frames, System Neutral,
and Derived Neutral Points:  Not greater than 0.5 ohms, when tested using "point-to-point"
methods.

E. Grounding Electrode System:
1. Provide connection to required and supplemental grounding electrodes indicated to form grounding

electrode system.
a. Provide continuous grounding electrode conductors without splice or joint.
b. Install grounding electrode conductors in raceway where exposed to physical damage. Bond

grounding electrode conductor to metallic raceways at each end with bonding jumper.
2. Metal Underground Water Pipe(s):

a. Provide connection to underground metal domestic and fire protection (where present) water
service pipe(s) that are in direct contact with earth for at least 10 feet at an accessible location
not more than 5 feet from the point of entrance to the building.

b. Provide bonding jumper(s) around insulating joints/pipes as required to make pipe electrically
continuous.

c. Provide bonding jumper around water meter of sufficient length to permit removal of meter
without disconnecting jumper.

3. Metal In-Ground Support Structure:
a. Provide connection to metal in-ground support structure that is in direct contact with earth in

accordance with NFPA 70.
4. Concrete-Encased Electrode:

a. Provide connection to concrete-encased electrode consisting of not less than 20 feet of either
steel reinforcing bars or bare copper conductor not smaller than 4 AWG embedded within
concrete foundation or footing that is in direct contact with earth in accordance with NFPA 70.

5. Ground Rod Electrode(s):
a. Provide three electrodes in an equilateral triangle configuration unless otherwise indicated or

required.
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b. Space electrodes not less than 10 feet from each other and any other ground electrode.
c. Where location is not indicated, locate electrode(s) at least 5 feet outside building perimeter

foundation as near as possible to electrical service entrance; where possible, locate in
softscape (uncovered) area.

6. Provide additional ground electrode(s) as required to achieve specified grounding electrode system
resistance.

7. Ground Bar:  Provide ground bar, separate from service equipment enclosure, for common
connection point of grounding electrode system bonding jumpers as permitted in NFPA 70. Connect
grounding electrode conductor provided for service-supplied system grounding to this ground bar.
a. Ground Bar Size:  1/4 by 2 by 12 inches unless otherwise indicated or required.
b. Where ground bar location is not indicated, locate in accessible location as near as possible to

service disconnect enclosure.
c. Ground Bar Mounting Height:  18 inches above finished floor unless otherwise indicated.

F. Service-Supplied System Grounding:
1. For each service disconnect, provide grounding electrode conductor to connect neutral (grounded)

service conductor to grounding electrode system. Unless otherwise indicated, make connection at
neutral (grounded) bus in service disconnect enclosure.

2. For each service disconnect, provide main bonding jumper to connect neutral (grounded) bus to
equipment ground bus where not factory-installed. Do not make any other connections between
neutral (grounded) conductors and ground on load side of service disconnect.

G. Separately Derived System Grounding:
1. Separately derived systems include, but are not limited to:

a. Transformers (except autotransformers such as buck-boost transformers).
2. Provide grounding electrode conductor to connect derived system grounded conductor to nearest

effectively grounded metal building frame. Unless otherwise indicated, make connection at neutral
(grounded) bus in source enclosure.

3. Provide bonding jumper to connect derived system grounded conductor to nearest metal building
frame and nearest metal water piping in the area served by the derived system, where not already
used as a grounding electrode for the derived system. Make connection at same location as
grounding electrode conductor connection.

4. Outdoor Source:  Where the source of the separately derived system is located outside the building
or structure supplied, provide connection to grounding electrode at source in accordance with
NFPA 70.

5. Provide system bonding jumper to connect system grounded conductor to equipment ground bus.
Make connection at same location as grounding electrode conductor connection. Do not make any
other connections between neutral (grounded) conductors and ground on load side of separately
derived system disconnect.

6. Where the source and first disconnecting means are in separate enclosures, provide supply-side
bonding jumper between source and first disconnecting means.

H. Bonding and Equipment Grounding:
1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic

equipment enclosures, metallic raceways and boxes, device grounding terminals, and other
normally non-current-carrying conductive materials enclosing electrical conductors/equipment or
likely to become energized as indicated and in accordance with NFPA 70.
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2. Provide insulated equipment grounding conductor in each feeder and branch circuit raceway. Do
not use raceways as sole equipment grounding conductor.

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment grounding
conductor proportionally in accordance with NFPA 70.

4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit equipment
grounding conductor and to outlet box with bonding jumper.

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment ground bus
only. Do not terminate on neutral (grounded) or isolated/insulated ground bus.

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to
accommodate conduit movement.

7. Provide bonding for interior metal piping systems in accordance with NFPA 70. This includes, but is
not limited to:
a. Metal water piping where not already effectively bonded to metal underground water pipe used

as grounding electrode.
b. Metal gas piping.

8. Provide bonding for metal building frame.
9. Provide bonding for metal siding not effectively bonded through attachment to metal building frame.

I. Communications Systems Grounding and Bonding:
1. Provide intersystem bonding termination at service equipment or metering equipment enclosure

and at disconnecting means for any additional buildings or structures in accordance with NFPA 70.
2. Provide bonding jumper in raceway from intersystem bonding termination to each communications

room or backboard and provide ground bar for termination.
a. Bonding Jumper Size:  6 AWG, unless otherwise indicated or required.
b. Raceway Size:  3/4 inch trade size unless otherwise indicated or required.
c. Ground Bar Size:  1/4 by 2 by 12 inches unless otherwise indicated or required.
d. Ground Bar Mounting Height:  18 inches above finished floor unless otherwise indicated.

J. Photovoltaic Systems:  Also comply with Section 26 3100.

K. Pole-Mounted Luminaires:  Also comply with Section 26 5600.

2.2 GROUNDING AND BONDING COMPONENTS

A. General Requirements:
1. Provide products listed, classified, and labeled as suitable for the purpose intended.
2. Provide products listed and labeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 0526:
1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:
1) Use bare copper conductors where installed underground in direct contact with earth.
2) Use bare copper conductors where directly encased in concrete (not in raceway).

C. Connectors for Grounding and Bonding:
1. Description:  Connectors appropriate for the application and suitable for the conductors and items

to be connected; listed and labeled as complying with UL 467.
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2. Unless otherwise indicated, use exothermic welded connections for underground, concealed and
other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or exothermic
welded connections for accessible connections.

D. Ground Bars:
1. Description:  Copper rectangular ground bars with mounting brackets and insulators.
2. Size:  As indicated.
3. Holes for Connections:  As indicated or as required for connections to be made.

E. Ground Rod Electrodes:
1. Comply with NEMA GR 1.
2. Material:  Copper-bonded (copper-clad) steel.
3. Size:  3/4 inch diameter by 10 feet length, unless otherwise indicated.

F. Oxide Inhibiting Compound:  Comply with Section 26 0519.

2.3 MANUFACTURERS

A. Cooper Power Systems, a division of Cooper Industries:  www.cooperindustries.com.

B. Substitutions:  See Section 01 6000 - Product Requirements.

2.4 ELECTRODES

A. Manufacturers:
1. Cooper Power Systems, a division of Cooper Industries:  www.cooperindustries.com.
2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Rod Electrodes:  Copper-clad steel.
1. Diameter:  3/4 inch.
2. Length:  10 feet.
3. Substitutions:  See Section 01 6000 - Product Requirements.

2.5 CONNECTORS AND ACCESSORIES

A. Mechanical Connectors:  Bronze.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has been completed.

B. Verify that field measurements are as indicated.

C. Verify that conditions are satisfactory for installation prior to starting work.

D. Verify existing conditions prior to beginning work.
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E. Verify that final backfill and compaction has been completed before driving rod electrodes.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes vertically. Where
encountered rock prohibits vertical installation, install at 45 degree angle or bury horizontally in trench at
least 30 inches (750 mm) deep in accordance with NFPA 70 or provide ground plates.
1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 6 inches below finished

grade.

D. Make grounding and bonding connections using specified connectors.
1. Remove appropriate amount of conductor insulation for making connections without cutting, nicking

or damaging conductors. Do not remove conductor strands to facilitate insertion into connector.
2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and contact

surfaces.
3. Exothermic Welds:  Make connections using molds and weld material suitable for the items to be

connected in accordance with manufacturer's recommendations.
4. Mechanical Connectors:  Secure connections according to manufacturer's recommended torque

settings.
5. Compression Connectors:  Secure connections using manufacturer's recommended tools and dies.

E. Identify grounding and bonding system components in accordance with Section 26 0553.

F. Install ground electrodes at locations indicated.  Install additional rod electrodes as required to achieve
specified resistance to ground.

G. Provide grounding electrode conductor and connect to reinforcing steel in foundation footing where
indicated.  Bond steel together.

H. Provide bonding to meet requirements described in Quality Assurance.

I. Equipment Grounding Conductor:  Provide separate, insulated conductor within each feeder and branch
circuit raceway.  Terminate each end on suitable lug, bus, or bushing.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.13.

D. Perform ground electrode resistance tests under normally dry conditions. Precipitation within the previous
48 hours does not constitute normally dry conditions.
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E. Investigate and correct deficiencies where measured ground resistances do not comply with specified
requirements.

END OF SECTION
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SECTION 26 0529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Support and attachment requirements and components for equipment, conduit, cable, boxes, and other
electrical work.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete:  Concrete equipment pads.

B. Section 26 0533.13 - Conduit for Electrical Systems:  Additional support and attachment requirements for
conduits.

C. Section 26 0533.16 - Boxes for Electrical Systems:  Additional support and attachment requirements for
boxes.

D. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.

E. Section 26 5100 - Interior Lighting:  Additional support and attachment requirements for interior
luminaires.

F. Conduit and equipment supports.

G. Anchors and fasteners.

1.3 REFERENCE STANDARDS

A. ASTM A123/A123M - Standard Specification for Zinc (Hot-Dip Galvanized) Coatings on Iron and Steel
Products; 2017.

B. ASTM A153/A153M - Standard Specification for Zinc Coating (Hot-Dip) on Iron and Steel Hardware;
2016a.

C. ASTM B633 - Standard Specification for Electrodeposited Coatings of Zinc on Iron and Steel; 2015.

D. MFMA-4 - Metal Framing Standards Publication; 2004.

E. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate sizes and arrangement of supports and bases with the actual equipment and

components to be installed.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529 - 2

2. Coordinate the work with other trades to provide additional framing and materials required for
installation.

3. Coordinate compatibility of support and attachment components with mounting surfaces at the
installed locations.

4. Coordinate the arrangement of supports with ductwork, piping, equipment and other potential
conflicts installed under other sections or by others.

5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has fully cured

in accordance with Section 03 3000.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for channel (strut)
framing systems, non-penetrating rooftop supports, and post-installed concrete and masonry anchors.

1.6 QUALITY ASSURANCE

A. Comply with NFPA 70.

B. Comply with applicable building code.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified
and indicated.

PART 2  PRODUCTS

2.1 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:
1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and hardware as

necessary for the complete installation of electrical work.
2. Provide products listed, classified, and labeled as suitable for the purpose intended, where

applicable.
3. Where support and attachment component types and sizes are not indicated, select in accordance

with manufacturer's application criteria as required for the load to be supported with a minimum
safety factor of _____. Include consideration for vibration, equipment operation, and shock loads
where applicable.

4. Do not use products for applications other than as permitted by NFPA 70 and product listing.
5. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless specifically

indicated or permitted.
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6. Steel Components:  Use corrosion resistant materials suitable for the environment where installed.
a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise

indicated.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel, stainless steel, or

approved equivalent unless otherwise indicated.
c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM A123/A123M

or ASTM A153/A153M.

B. Components for Vibration Isolation and/or Seismic Controls:  Comply with Section 26 0548.

C. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to be supported.
1. Conduit Straps:  One-hole or two-hole type; steel or malleable iron.
2. Conduit Clamps:  Bolted type unless otherwise indicated.

D. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported.

E. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel (strut) and
associated fittings, accessories, and hardware required for field-assembly of supports.
1. Comply with MFMA-4.
2. Channel Material:

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.
b. Outdoor and Damp or Wet Indoor Locations:  Use galvanized steel.

F. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated.
1. Minimum Size, Unless Otherwise Indicated or Required:

a. Equipment Supports:  1/2 inch diameter.
b. Single Conduit up to 1 inch (27 mm) trade size:  1/4 inch diameter.
c. Single Conduit larger than 1 inch (27 mm) trade size:  3/8 inch diameter.
d. Trapeze Support for Multiple Conduits:  3/8 inch diameter.
e. Outlet Boxes:  1/4 inch diameter.
f. Luminaires:  1/4 inch diameter.

G. Anchors and Fasteners:
1. Unless otherwise indicated and where not otherwise restricted, use the anchor and fastener types

indicated for the specified applications.
2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors.
3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.
4. Hollow Masonry:  Use toggle bolts.
5. Hollow Stud Walls:  Use toggle bolts.
6. Steel:  Use beam clamps, machine bolts, or welded threaded studs.
7. Wood:  Use wood screws.
8. Plastic and lead anchors are not permitted.
9. Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically designed to

be cast in concrete ceilings, walls, and floors.
a. Comply with MFMA-4.
b. Channel Material:  Use galvanized steel.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 26 0529 - 4

c. Manufacturer:  Same as manufacturer of metal channel (strut) framing system.

2.2 MANUFACTURERS

A. Thomas & Betts Corporation:  www.tnb.com.

B. Threaded Rod Company:  www.threadedrod.com.

C. Substitutions:  See Section 01 6000 - Product Requirements.

2.3 MATERIALS

A. Hangers, Supports, Anchors, and Fasteners - General:  Corrosion-resistant materials of size and type
adequate to carry the loads of equipment and conduit, including weight of wire in conduit.

B. Supports:  Fabricated of structural steel or formed steel members; galvanized.

C. Anchors and Fasteners:

ANCHOR HARDWARE TABLE

D. Formed Steel Channel:
1. Product:  Steel "U" shaped with in-turned clamping ridges manufactured by Unitstrut, Power Wtrut,

B-Line Strut or Kindorf.
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PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive support and attachment components.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Provide independent support from building structure. Do not provide support from piping, ductwork, or
other systems.

D. Unless specifically indicated or approved by DEDC, LLC, do not provide support from suspended ceiling
support system or ceiling grid.

E. Unless specifically indicated or approved by DEDC, LLC, do not provide support from roof deck.

F. Do not penetrate or otherwise notch or cut structural members without approval of Structural Engineer.

G. Provide required vibration isolation and/or seismic controls in accordance with Section 26 0548.

H. Equipment Support and Attachment:
1. Use metal fabricated supports or supports assembled from metal channel (strut) to support

equipment as required.
2. Use metal channel (strut) secured to studs to support equipment surface-mounted on hollow stud

walls when wall strength is not sufficient to resist pull-out.
3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations to

provide space between equipment and mounting surface.
4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its own

weight for support.

I. Conduit Support and Attachment:  Also comply with Section 26 0533.13.

J. Box Support and Attachment:  Also comply with Section 26 0533.16.

K. Interior Luminaire Support and Attachment:  Also comply with Section 26 5100.

L. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage during
concrete pour.

M. Secure fasteners according to manufacturer's recommended torque settings.
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N. Remove temporary supports.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect support and attachment components for damage and defects.

C. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer.
Replace components that exhibit signs of corrosion.

D. Correct deficiencies and replace damaged or defective support and attachment components.

E. Install hangers and supports as required to adequately and securely support electrical system
components, in a neat and workmanlike manner, as specified in NECA 1.
1. Do not fasten supports to pipes, ducts, mechanical equipment, or conduit.
2. Do not drill or cut structural members.

F. Rigidly weld support members or use hexagon-head bolts to present neat appearance with adequate
strength and rigidity.  Use spring lock washers under all nuts.

G. Install surface-mounted cabinets and panelboards with minimum of four anchors.

H. In wet and damp locations use steel channel supports to stand cabinets and panelboards 1-5/8" off wall.

I. Use sheet metal channel to bridge studs above and below cabinets and panelboards recessed in hollow
partitions.

END OF SECTION
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SECTION 26 0533.13 - CONDUIT FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Flexible metal conduit (FMC).

B. Liquidtight flexible metal conduit (LFMC).

C. Electrical metallic tubing (EMT).

D. Rigid polyvinyl chloride (PVC) conduit.

E. Liquidtight flexible nonmetallic conduit (LFNC).

F. Conduit fittings.

G. Accessories.

H. Conduit, fittings and conduit bodies.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete:  Concrete encasement of conduits.

B. Section 07 8400 - Firestopping.

C. Section 26 0526 - Grounding and Bonding for Electrical Systems.
1. Includes additional requirements for fittings for grounding and bonding.

D. Section 26 0529 - Hangers and Supports for Electrical Systems.

E. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.

F. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

G. Section 26 2100 - Low-Voltage Electrical Service Entrance:  Additional requirements for electrical service
conduits.

H. Section 27 1000 - Structured Cabling:  Additional requirements for communications systems conduits.

I. Section 31 2316.13 - Trenching:  Excavating, bedding, and backfilling.

1.3 REFERENCE STANDARDS

A. ANSI C80.1 - American National Standard for Electrical Rigid Steel Conduit (ERSC); 2015.

B. ANSI C80.3 - American National Standard for Electrical Metallic Tubing -- Steel (EMT-S); 2015.

C. ANSI C80.6 - American National Standard for Electrical Intermediate Metal Conduit (EIMC); 2005.
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D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

E. NECA 101 - Standard for Installing Steel Conduits (Rigid, IMC, EMT); 2013.

F. NECA 111 - Standard for Installing Nonmetallic Raceways (RNC, ENT, LFNC); 2003.

G. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing, and
Cable; 2014.

H. NEMA RN 1 - Polyvinyl-Chloride (PVC) Externally Coated Galvanized Rigid Steel Conduit and
Intermediate Metal Conduit; 2018.

I. NEMA TC 2 - Electrical Polyvinyl Chloride (PVC) Conduit; 2013.

J. NEMA TC 3 - Polyvinyl Chloride (PVC) Fittings for Use with Rigid PVC Conduit and Tubing; 2016.

K. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

L. UL 1 - Flexible Metal Conduit; Current Edition, Including All Revisions.

M. UL 6 - Electrical Rigid Metal Conduit-Steel; Current Edition, Including All Revisions.

N. UL 360 - Liquid-Tight Flexible Steel Conduit; Current Edition, Including All Revisions.

O. UL 514B - Conduit, Tubing, and Cable Fittings; Current Edition, Including All Revisions.

P. UL 651 - Schedule 40, 80, Type EB and A Rigid PVC Conduit and Fittings; Current Edition, Including All
Revisions.

Q. UL 797 - Electrical Metallic Tubing-Steel; Current Edition, Including All Revisions.

R. UL 1242 - Electrical Intermediate Metal Conduit-Steel; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate minimum sizes of conduits with the actual conductors to be installed, including

adjustments for conductor sizes increased for voltage drop.
2. Coordinate the arrangement of conduits with structural members, ductwork, piping, equipment and

other potential conflicts installed under other sections or by others.
3. Verify exact conduit termination locations required for boxes, enclosures, and equipment installed

under other sections or by others.
4. Coordinate the work with other trades to provide roof penetrations that preserve the integrity of the

roofing system and do not void the roof warranty.
5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction

before proceeding with work.

B. Sequencing:
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1. Do not begin installation of conductors and cables until installation of conduit is complete between
outlet, junction and splicing points.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittals procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for conduits and fittings.

C. Project Record Documents:  Record actual routing for conduits installed underground, conduits
embedded within concrete slabs, and conduits 2 inch (53 mm) trade size and larger.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for purpose specified and
shown.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store conduit and fittings in accordance with manufacturer's instructions.

B. Accept conduit on site.  Inspect for damage.

C. Protect conduit from corrosion and entrance of debris by storing above grade.  Provide appropriate
covering.

PART 2  PRODUCTS

2.1 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70 and
product listing.

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated for the
specified applications. Where more than one listed application applies, comply with the most restrictive
requirements. Where conduit type for a particular application is not specified, use galvanized steel rigid
metal conduit.

C. Underground:
1. Under Slab on Grade:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC),

PVC-coated galvanized steel rigid metal conduit, rigid PVC conduit, or reinforced thermosetting
resin conduit (RTRC).

2. Exterior, Direct-Buried:  Use galvanized steel rigid metal conduit, intermediate metallic conduit
(IMC), PVC-coated galvanized steel rigid metal conduit, rigid PVC conduit, or reinforced
thermosetting resin conduit (RTRC).

3. Exterior, Embedded Within Concrete:  Use galvanized steel rigid metal conduit, intermediate
metallic conduit (IMC), PVC-coated galvanized steel rigid metal conduit, rigid PVC conduit, or
reinforced thermosetting resin conduit (RTRC).
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4. Where rigid polyvinyl (PVC) conduit is provided, transition to galvanized steel rigid metal conduit
where emerging from underground.

D. Embedded Within Concrete:
1. Within Slab on Grade:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC),

PVC-coated galvanized steel rigid metal conduit, rigid PVC conduit, or reinforced thermosetting
resin conduit (RTRC).

2. Within Slab Above Ground:  Use galvanized steel rigid metal conduit, intermediate metal conduit
(IMC), PVC-coated galvanized steel rigid metal conduit, rigid PVC conduit, or reinforced
thermosetting resin conduit (RTRC).

3. Where electrical metallic tubing (EMT) emerges from concrete into salt air, use corrosion protection
tape to provide supplementary corrosion protection for a minimum of 4 inches on either side of
where conduit emerges or use PVC-coated galvanized steel rigid metal conduit.

E. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit, intermediate metal conduit
(IMC), or electrical metallic tubing (EMT).

F. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit, intermediate metal
conduit (IMC), or electrical metallic tubing (EMT).

G. Concealed Above Accessible Ceilings:  Use galvanized steel rigid metal conduit, intermediate metal
conduit (IMC), or electrical metallic tubing (EMT).

H. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit.

I. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit,
intermediate metal conduit (IMC), or electrical metallic tubing (EMT).

J. Exposed, Interior, Subject to Physical Damage:  Use galvanized steel rigid metal conduit or intermediate
metal conduit (IMC).
1. Locations subject to physical damage include, but are not limited to:

a. Where exposed below 8 feet, except within electrical and communication rooms or closets.
b. Where exposed below 20 feet in warehouse areas.

K. Exposed, Exterior:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), or
PVC-coated galvanized steel rigid metal conduit.

L. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use galvanized steel rigid
metal conduit or intermediate metal conduit (IMC).

M. Connections to Luminaires Above Accessible Ceilings:  Use flexible metal conduit.
1. Maximum Length:  6 feet.

N. Connections to Vibrating Equipment:
1. Dry Locations:  Use flexible metal conduit.
2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.
3. Maximum Length:  6 feet unless otherwise indicated.
4. Vibrating equipment includes, but is not limited to:

a. Transformers.
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b. Motors.
c. Genset.
d. Mechanical HVAC equipment

O. Fished in Existing Walls, Where Necessary:  Use flexible metal conduit.

2.2 CONDUIT REQUIREMENTS

A. Electrical Service Conduits:  Also comply with Section 26 2100.

B. Communications Systems Conduits:  Also comply with Section 27 1000.

C. Fittings for Grounding and Bonding:  Also comply with Section 26 0526.

D. Provide all conduit, fittings, supports, and accessories required for a complete raceway system.

E. Provide products listed, classified, and labeled as suitable for the purpose intended.

F. Minimum Conduit Size, Unless Otherwise Indicated:
1. Branch Circuits:  3/4 inch (21 mm) trade size.
2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size.
3. Control Circuits:  1/2 inch (16 mm) trade size.
4. Flexible Connections to Luminaires:  1/2 inch (16 mm) trade size.
5. Underground, Interior:  3/4 inch (21 mm) trade size.
6. Underground, Exterior:  1 inch (27 mm) trade size.

G. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable minimum
size requirements specified.

2.3 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International:  www.alliedeg.com/#sle.
2. Nucor Tubular Products:  www.nucortubular.com/#sle.
3. Wheatland Tube, a division of Zekelman Industries:  www.wheatland.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI C80.1 and
listed and labeled as complying with UL 6.

C. Fittings:
1. Manufacturers:

a. Bridgeport Fittings Inc:  www.bptfittings.com/#sle.
b. O-Z/Gedney, a brand of Emerson Electric Co:  www.emerson.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.
d. ______.

2. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled as
complying with UL 514B.

3. Material:  Use steel or malleable iron.
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a. Do not use die cast zinc fittings.
4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and compression

(gland) type fittings are not permitted.

2.4 INTERMEDIATE METAL CONDUIT (IMC)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International:  www.alliedeg.com/#sle.
2. Nucor Tubular Products:  www.nucortubular.com/#sle.
3. Wheatland Tube, a division of Zekelman Industries:  www.wheatland.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with ANSI C80.6
and listed and labeled as complying with UL 1242.

C. Fittings:
1. Manufacturers:

a. Bridgeport Fittings Inc:  www.bptfittings.com/#sle.
b. O-Z/Gedney, a brand of Emerson Electric Co:  www.emerson.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.
d. Substitutions:  See Section 01 6000 - Product Requirements.

2. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled as
complying with UL 514B.

3. Material:  Use steel or malleable iron.
4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and compression

(gland) type fittings are not permitted.

D. Conduit Size:  Comply with NFPA 70.
1. Minimum Size:  3/4 inch unless otherwise specified.

E. Outdoor Locations Above Grade:  Use rigid steel conduit.

F. In Slab Above Grade:
1. Use rigid steel conduit.
2. Maximum Size Conduit in Slab:  3/4 inch; 1/2 inch for conduits crossing each other.

G. Wet and Damp Locations:  Use rigid steel conduit.

H. Dry Locations:
1. Concealed:  Use electrical metallic tubing, where permitted by the NEC.
2. Exposed:  Use electrical metallic tubing, where permitted by the NEC.

2.5 METAL CONDUIT

A. Manufacturers:
1. Allied Tube & Conduit:  www.alliedtube.com.
2. Wheatland Tube Company:  www.wheatland.com.
3. Triangle
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4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Rigid Steel Conduit:  ANSI C80.1.

C. Fittings and Conduit Bodies:  NEMA FB 1; material to match conduit.

2.6 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Manufacturers:
1. Thomas & Betts Corporation; ______:  www.tnb.com/#sle.
2. Robroy Industries; ______:  www.robroy.com/#sle.
3. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit with external polyvinyl chloride
(PVC) coating complying with NEMA RN 1 and listed and labeled as complying with UL 6.

C. Exterior Coating:  Polyvinyl chloride (PVC), nominal thickness of 40 mil.

D. PVC-Coated Fittings:
1. Manufacturer:  Same as manufacturer of PVC-coated conduit to be installed.
2. Non-Hazardous Locations:  Use fittings listed and labeled as complying with UL 514B.
3. Material:  Use steel or malleable iron.
4. Exterior Coating:  Polyvinyl chloride (PVC), minimum thickness of 40 mil.

E. PVC-Coated Supports:  Furnish with exterior coating of polyvinyl chloride (PVC), minimum thickness of
15 mil.

2.7 FLEXIBLE METAL CONDUIT (FMC)

A. Manufacturers:
1. AFC Cable Systems, Inc; ______:  www.afcweb.com/#sle.
2. Electri-Flex Company; ______:  www.electriflex.com/#sle.
3. International Metal Hose; ______:  www.metalhose.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type FMC standard wall steel flexible metal conduit listed and labeled as
complying with UL 1, and listed for use in classified firestop systems to be used.

C. Fittings:
1. Manufacturers:

a. Bridgeport Fittings Inc:  www.bptfittings.com/#sle.
b. O-Z/Gedney, a brand of Emerson Electric Co:  www.emerson.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.
d. Substitutions:  See Section 01 6000 - Product Requirements.

2. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
3. Material:  Use steel or malleable iron.

a. Do not use die cast zinc fittings.

D. Description:  Interlocked steel construction.
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E. Fittings:  NEMA FB 1.

2.8 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A. Manufacturers:
1. AFC Cable Systems, Inc; ______:  www.afcweb.com/#sle.
2. Electri-Flex Company; ______:  www.electriflex.com/#sle.
3. International Metal Hose; ______:  www.metalhose.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal conduit listed
and labeled as complying with UL 360.

C. Fittings:
1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Material:  Use steel or malleable iron.

a. Do not use die cast zinc fittings.

D. Description:  Interlocked steel construction with PVC jacket.

E. Fittings:  NEMA FB 1.

2.9 ELECTRICAL METALLIC TUBING (EMT)

A. Manufacturers:
1. Allied Tube & Conduit, a division of Atkore International:  www.alliedeg.com/#sle.
2. Wheatland Tube, a division of Zekelman Industries:  www.wheatland.com/#sle.
3. Triangle
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3 and listed
and labeled as complying with UL 797.

C. Fittings:
1. Manufacturers:

a. Bridgeport Fittings Inc:  www.bptfittings.com/#sle.
b. O-Z/Gedney, a brand of Emerson Electric Co:  www.emerson.com/#sle.
c. Thomas & Betts Corporation:  www.tnb.com/#sle.
d. Substitutions:  See Section 01 6000 - Product Requirements.

2. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
3. Material:  Use steel or malleable iron.

a. Do not use die cast zinc fittings.
4. Connectors and Couplings:  Use compression (gland) or set-screw type.

a. Do not use indenter type connectors and couplings.
5. Damp or Wet Locations (where permitted):  Use fittings listed for use in wet locations.
6. Embedded Within Concrete (where permitted):  Use fittings listed as concrete-tight. Fittings that

require taping to be concrete-tight are acceptable.
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D. Description:  ANSI C80.3; galvanized tubing.

E. Fittings and Conduit Bodies:  NEMA FB 1; steel or malleable iron compression type.

2.10 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT

A. Manufacturers:
1. Cantex Inc:  www.cantexinc.com/#sle.
2. Carlon, a brand of Thomas & Betts Corporation:  www.carlon.com/#sle.
3. JM Eagle:  www.jmeagle.com/#sle.
4. ______.
5. Substitutions:  See Section 01 6000 - Product Requirements.

B. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2 and listed
and labeled as complying with UL 651; Schedule 40 unless otherwise indicated, Schedule 80 where
subject to physical damage; rated for use with conductors rated 90 degrees C.

C. Fittings:
1. Manufacturer:  Same as manufacturer of conduit to be connected.
2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying with UL 651;

material to match conduit.

2.11 ACCESSORIES

A. Corrosion Protection Tape:  PVC-based, minimum thickness of 20 mil.

B. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for use with the conduit to
be installed.

C. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer of conduit and fittings
to be installed.

D. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force.

E. Modular Seals for Conduit Penetrations:  Rated for minimum of 40 psig; Suitable for the conduits to be
installed.

F. Firestop Sleeves:  Listed; provide as required to preserve fire resistance rating of building elements.

G. Duct Bank Spacers:  Nonmetallic; designed for maintaining conduit/duct spacing for concrete
encasement in open trench installation; suitable for the conduit/duct arrangement to be installed.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive conduits.
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C. Verify that conditions are satisfactory for installation prior to starting work.

D. Conduit routing is shown on drawings in approximate locations unless dimensioned.  Route as required
to complete wiring system.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.

D. Install intermediate metal conduit (IMC) in accordance with NECA 101.

E. Install PVC-coated galvanized steel rigid metal conduit (RMC) using only tools approved by the
manufacturer.

F. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.

G. Conduit Routing:
1. Unless dimensioned, conduit routing indicated is diagrammatic.
2. When conduit destination is indicated without specific routing, determine exact routing required.
3. Conceal all conduits unless specifically indicated to be exposed.
4. Conduits in the following areas may be exposed, unless otherwise indicated:

a. Electrical rooms.
b. Mechanical equipment rooms.
c. Within joists in areas with no ceiling.

5. Unless otherwise approved, do not route conduits exposed:
a. Across floors.
b. Across roofs.
c. Across top of parapet walls.
d. Across building exterior surfaces.

6. Conduits installed underground or embedded in concrete may be routed in the shortest possible
manner unless otherwise indicated. Route all other conduits parallel or perpendicular to building
structure and surfaces, following surface contours where practical.

7. Arrange conduit to maintain adequate headroom, clearances, and access.
8. Arrange conduit to provide no more than the equivalent of four 90 degree bends between pull

points.
9. Arrange conduit to provide no more than 150 feet between pull points.
10. Route conduits above water and drain piping where possible.
11. Arrange conduit to prevent moisture traps. Provide drain fittings at low points and at sealing fittings

where moisture may collect.
12. Maintain minimum clearance of 6 inches between conduits and piping for other systems.
13. Maintain minimum clearance of 12 inches between conduits and hot surfaces. This includes, but is

not limited to:
a. Heaters.
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b. Hot water piping.
c. Flues.

14. Group parallel conduits in the same area together on a common rack.

H. Conduit Support:
1. Secure and support conduits in accordance with NFPA 70 and Section 26 0529 using suitable

supports and methods approved by the authority having jurisdiction.
2. Provide required vibration isolation and/or seismic controls in accordance with Section 26 0548.
3. Provide independent support from building structure. Do not provide support from piping, ductwork,

or other systems.
4. Installation Above Suspended Ceilings:  Do not provide support from ceiling support system. Do not

provide support from ceiling grid or allow conduits to lay on ceiling tiles.
5. Use conduit strap to support single surface-mounted conduit.

a. Use clamp back spacer with conduit strap for damp and wet locations to provide space
between conduit and mounting surface.

6. Use metal channel (strut) with accessory conduit clamps to support multiple parallel
surface-mounted conduits.

7. Use conduit clamp to support single conduit from beam clamp or threaded rod.
8. Use trapeze hangers assembled from threaded rods and metal channel (strut) with accessory

conduit clamps to support multiple parallel suspended conduits.
9. Use non-penetrating rooftop supports to support conduits routed across rooftops (only where

approved).
10. Use of wire for support of conduits is not permitted.
11. Where conduit support intervals specified in NFPA 70 and NECA standards differ, comply with the

most stringent requirements.

I. Connections and Terminations:
1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized steel

conduits prior to making connections.
2. Where two threaded conduits must be joined and neither can be rotated, use three-piece couplings

or split couplings. Do not use running threads.
3. Use suitable adapters where required to transition from one type of conduit to another.
4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid into

connectors.
5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock nuts for

dry locations and raintight hubs for wet locations.
6. Provide insulating bushings or insulated throats at all conduit terminations to protect conductors.
7. Secure joints and connections to provide maximum mechanical strength and electrical continuity.

J. Penetrations:
1. Do not penetrate or otherwise notch or cut structural members, including footings and grade

beams, without approval of Structural Engineer.
2. Make penetrations perpendicular to surfaces unless otherwise indicated.
3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set sleeves

flush with exposed surfaces unless otherwise indicated or required.
4. Conceal bends for conduit risers emerging above ground.
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5. Seal interior of conduits entering the building from underground at first accessible point to prevent
entry of moisture and gases.

6. Provide suitable modular seal where conduits penetrate exterior wall below grade.
7. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of

membrane.
8. Make penetrations for roof-mounted equipment within associated equipment openings and curbs

where possible to minimize roofing system penetrations. Where penetrations are necessary, seal
as indicated or as required to preserve integrity of roofing system and maintain roof warranty.
Include proposed locations of penetrations and methods for sealing with submittals.

9. Install firestopping to preserve fire resistance rating of partitions and other elements, using
materials and methods specified in Section 07 8400.

K. Underground Installation:
1. Provide trenching and backfilling in accordance with Section 31 2316.13.
2. Minimum Cover, Unless Otherwise Indicated or Required:

a. Underground, Exterior:  36 inches.
b. Under Slab on Grade:  12 inches to bottom of slab.

3. Provide underground warning tape in accordance with Section 26 0553 along entire conduit length
for service entrance where not concrete-encased.

L. Concrete Encasement:  Where conduits not otherwise embedded within concrete are indicated to be
concrete-encased, provide concrete in accordance with Section 03 3000 with minimum concrete cover of
3 inches on all sides unless otherwise indicated.

M. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion and
expansion/deflection fittings to prevent damage to enclosed conductors or connected equipment. This
includes, but is not limited to:
1. Where conduits cross structural joints intended for expansion, contraction, or deflection.
2. Where calculated in accordance with NFPA 70 for rigid polyvinyl chloride (PVC) conduit installed

above ground to compensate for thermal expansion and contraction.
3. Where conduits are subject to earth movement by settlement or frost.

N. Condensation Prevention:  Where conduits cross barriers between areas of potential substantial
temperature differential, provide sealing fitting or approved sealing compound at an accessible point near
the penetration to prevent condensation. This includes, but is not limited to:
1. Where conduits pass from outdoors into conditioned interior spaces.
2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces.

O. Provide pull string in all empty conduits and in conduits where conductors and cables are to be installed
by others. Leave minimum slack of 12 inches at each end.

P. Provide grounding and bonding in accordance with Section 26 0526.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.
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B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer.
Replace components that exhibit signs of corrosion.

C. Where coating of PVC-coated galvanized steel rigid metal conduit (RMC) contains cuts or abrasions,
repair in accordance with manufacturer's instructions.

D. Correct deficiencies and replace damaged or defective conduits.

3.4 CLEANING

A. Clean interior of conduits to remove moisture and foreign matter.

3.5 PROTECTION

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection from entry
of moisture and foreign material and do not remove until ready for installation of conductors.

B. Install conduit securely, in a neat and workmanlike manner, as specified in NECA 1.

C. Install steel conduit as specified in NECA 101.

D. Arrange supports to prevent misalignment during wiring installation.

E. Support conduit using coated steel or malleable iron straps, lay-in adjustable hangers, clevis hangers,
and split hangers.

F. Group related conduits; support using conduit rack.  Construct rack using steel channel .

G. Fasten conduit supports to building structure and surfaces under provisions of Section 26 0529.

H. Do not support conduit with wire or perforated pipe straps.  Remove wire used for temporary supports.

I. Do not attach conduit to ceiling support wires.

J. Arrange conduit to maintain headroom and present neat appearance.

K. Route  conduit parallel and perpendicular to walls.

L. Route conduit installed above accessible ceilings parallel and perpendicular to walls.

M. Route conduit in and under slab from point-to-point.

N. Maintain adequate clearance between conduit and piping.

O. Maintain 12 inch clearance between conduit and surfaces with temperatures exceeding 104 degrees F.

P. Cut conduit square using saw or pipecutter; de-burr cut ends.

Q. Bring conduit to shoulder of fittings; fasten securely.
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R. Use conduit hubs to fasten conduit to sheet metal boxes in damp and wet locations.

S. Install no more than equivalent of three 90 degree bends between boxes.  Use conduit bodies to make
sharp changes in direction, as around beams.  Use hydraulic one shot bender to fabricate bends in metal
conduit larger than 2 inch size.

T. Avoid moisture traps; provide junction box with drain fitting at low points in conduit system.

U. Provide suitable fittings to accommodate expansion and deflection where conduit crosses seismic.

V. Provide suitable pull string in each empty conduit except sleeves and nipples.

W. Use suitable caps to protect installed conduit against entrance of dirt and moisture.

X. Ground and bond conduit under provisions of Section 26 0526.

Y. Identify conduit under provisions of Section 26 0553.

3.6 INTERFACE WITH OTHER PRODUCTS

A. Install conduit to preserve fire resistance rating of partitions and other elements, using materials and
methods specified in Section 07 8400.

B. Route conduit through roof openings for piping and ductwork wherever possible.  Where separate roofing
penetration is required, coordinate location and installation method with roofing installation specified in
Section 01700.

END OF SECTION
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SECTION 26 0533.16 - BOXES FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Outlet and device boxes up to 100 cubic inches, including those used as junction and pull boxes.

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches.

C. Boxes and enclosures for integrated power, data, and audio/video.

D. Floor boxes.

E. Wall and ceiling outlet boxes.

F. Pull and junction boxes.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping.

B. Section 08 3100 - Access Doors and Panels:  Panels for maintaining access to concealed boxes.

C. Section 26 0526 - Grounding and Bonding for Electrical Systems.

D. Section 26 0529 - Hangers and Supports for Electrical Systems.

E. Section 26 0533.13 - Conduit for Electrical Systems:
1. Conduit bodies and other fittings.
2. Additional requirements for locating boxes to limit conduit length and/or number of bends between

pulling points.

F. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.

G. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

H. Section 26 2726 - Wiring Devices:
1. Wall plates.
2. Floor box service fittings.
3. Additional requirements for locating boxes for wiring devices.

I. Section 27 1000 - Structured Cabling:  Additional requirements for communications systems outlet boxes.

1.3 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

B. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.
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C. NEMA FB 1 - Fittings, Cast Metal Boxes, and Conduit Bodies for Conduit, Electrical Metallic Tubing, and
Cable; 2014.

D. NEMA OS 1 - Sheet-Steel Outlet Boxes, Device Boxes, Covers, and Box Supports; 2013.

E. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2018.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current Edition,
Including All Revisions.

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, Including
All Revisions.

I. UL 508A - Industrial Control Panels; 2013.

J. UL 514A - Metallic Outlet Boxes; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, or other

potential obstructions within the dedicated equipment spaces and working clearances for electrical
equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors, clamps,
support fittings, and devices, calculated according to NFPA 70.

4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of connected
conduits, calculated according to NFPA 70.

5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc. installed under
other sections or by others.

6. Coordinate the work with other trades to preserve insulation integrity.
7. Coordinate the work with other trades to provide walls suitable for installation of flush-mounted

boxes where indicated.
8. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction

before proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for cabinets and
enclosures, boxes for hazardous (classified) locations, floor boxes, and underground handhole
enclosures.
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1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Products:  Provide products listed and classified by Underwriters Laboratories Inc., as suitable for the
purpose specified and indicated.

PART 2  PRODUCTS

2.1 BOXES

A. General Requirements:
1. Do not use boxes and associated accessories for applications other than as permitted by NFPA 70

and product listing.
2. Provide all boxes, fittings, supports, and accessories required for a complete raceway system and

to accommodate devices and equipment to be installed.
3. Provide products listed, classified, and labeled as suitable for the purpose intended.
4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable minimum

size requirements specified.
5. Provide grounding terminals within boxes where equipment grounding conductors terminate.

B. Outlet and Device Boxes Up to 100 cubic inches, Including Those Used as Junction and Pull Boxes:
1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.
2. Use cast iron boxes or cast aluminum boxes for damp or wet locations unless otherwise indicated

or required; furnish with compatible weatherproof gasketed covers.
3. Use suitable concrete type boxes where flush-mounted in concrete.
4. Use suitable masonry type boxes where flush-mounted in masonry walls.
5. Use raised covers suitable for the type of wall construction and device configuration where

required.
6. Use shallow boxes where required by the type of wall construction.
7. Do not use "through-wall" boxes designed for access from both sides of wall.
8. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL 514A.
9. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL 514A; furnish

with threaded hubs.
10. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and weight of

load to be supported; furnished with fixture stud to accommodate mounting of luminaire where
required.

11. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use
field-connected gangable boxes unless specifically indicated or permitted.

12. Wall Plates:  Comply with Section 26 2726.

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches:
1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL 508A.
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2. NEMA 250 Environment Type, Unless Otherwise Indicated:
a. Indoor Clean, Dry Locations:  Type 1, painted steel.
b. Outdoor Locations:  Type 3R, painted steel.

3. Junction and Pull Boxes Larger Than 100 cubic inches:
a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.

4. Cabinets and Hinged-Cover Enclosures, Other Than Junction and Pull Boxes:
a. Back Panels:  Painted steel, removable.

5. Finish for Painted Steel Enclosures:  Manufacturer's standard grey unless otherwise indicated.

D. Boxes and Enclosures for Integrated Power, Data, and Audio/Video:  Size and configuration as indicated
or as required with partitions to separate services; field-connected gangable boxes may be used.

E. Floor Boxes:
1. Description:  Floor boxes compatible with floor box service fittings provided in accordance with

Section 26 2726; with partitions to separate multiple services; furnished with all components,
adapters, and trims required for complete installation.

2. Use cast iron floor boxes within slab on grade.
3. Metallic Floor Boxes:  Fully adjustable (with integral means for leveling adjustment prior to and after

concrete pour).
4. Manufacturer:  Same as manufacturer of floor box service fittings.

2.2 MANUFACTURERS

A. Appleton Electric:  www.appletonelec.com.

B. Hoffman

C. Steel City

D. Crouse-Hinds

E. Substitutions:  See Section 01 6000 - Product Requirements.

2.3 OUTLET BOXES

A. Sheet Metal Outlet Boxes:  NEMA OS 1, galvanized steel.
1. Luminaire and Equipment Supporting Boxes:  Rated for weight of equipment supported; include 1/2

inch male fixture studs where required.

B. Cast Boxes:  NEMA FB 1, Type FD, aluminum.  Provide gasketed cover by box manufacturer.  Provide
threaded hubs.

C. Wall Plates for Finished Areas:  As specified in Section 26 2726.

2.4 PULL AND JUNCTION BOXES

A. Sheet Metal Boxes:  NEMA OS 1, galvanized steel.

B. Surface Mounted Cast Metal Box:  NEMA 250, Type 4; flat-flanged, surface mounted junction box:
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1. Material:  Galvanized cast iron.
2. Cover:  Furnish with ground flange, neoprene gasket, and stainless steel cover screws.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive boxes.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA 130,
including mounting heights specified in those standards where mounting heights are not indicated.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and
NFPA 70.

D. Provide separate boxes for emergency power and normal power systems.

E. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.

F. Flush-mount boxes in finished areas unless specifically indicated to be surface-mounted.

G. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are indicated or
permitted.

H. Box Locations:
1. Locate boxes to be accessible. Provide access panels in accordance with Section 08 3100 as

required where approved by the Architect.
2. Unless dimensioned, box locations indicated are approximate.
3. Locate boxes as required for devices installed under other sections or by others.

a. Switches, Receptacles, and Other Wiring Devices:  Comply with Section 26 2726.
b. Communications Systems Outlets:  Comply with Section 27 1000.

4. Locate boxes so that wall plates do not span different building finishes.
5. Locate boxes so that wall plates do not cross masonry joints.
6. Unless otherwise indicated, where multiple outlet boxes are installed at the same location at

different mounting heights, install along a common vertical center line.
7. Do not install flush-mounted boxes on opposite sides of walls back-to-back. Provide minimum 6

inches horizontal separation unless otherwise indicated.
8. Fire Resistance Rated Walls:  Install flush-mounted boxes such that the required fire resistance will

not be reduced.
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a. Do not install flush-mounted boxes on opposite sides of walls back-to-back; provide minimum
24 inches separation where wall is constructed with individual noncommunicating stud cavities
or protect both boxes with listed putty pads.

b. Do not install flush-mounted boxes with area larger than 16 square inches or such that the
total aggregate area of openings exceeds 100 square inches for any 100 square feet of wall
area.

9. Locate junction and pull boxes as indicated, as required to facilitate installation of conductors, and
to limit conduit length and/or number of bends between pulling points in accordance with Section 26
0533.13.

10. Locate junction and pull boxes in the following areas, unless otherwise indicated or approved by the
Architect:
a. Concealed above accessible suspended ceilings.
b. Within joists in areas with no ceiling.
c. Electrical rooms.
d. Mechanical equipment rooms.

I. Box Supports:
1. Secure and support boxes in accordance with NFPA 70 and Section 26 0529 using suitable

supports and methods approved by the authority having jurisdiction.
2. Provide required seismic controls in accordance with Section 26 0548.
3. Provide independent support from building structure except for cast metal boxes (other than boxes

used for fixture support) supported by threaded conduit connections in accordance with NFPA 70.
Do not provide support from piping, ductwork, or other systems.

4. Installation Above Suspended Ceilings:  Do not provide support from ceiling grid or ceiling support
system.

5. Use far-side support to secure flush-mounted boxes supported from single stud in hollow stud
walls. Repair or replace supports for boxes that permit excessive movement.

J. Install boxes plumb and level.

K. Flush-Mounted Boxes:
1. Install boxes in noncombustible materials such as concrete, tile, gypsum, plaster, etc. so that front

edge of box or associated raised cover is not set back from finished surface more than 1/4 inch or
does not project beyond finished surface.

2. Install boxes in combustible materials such as wood so that front edge of box or associated raised
cover is flush with finished surface.

3. Repair rough openings around boxes in noncombustible materials such as concrete, tile, gypsum,
plaster, etc. so that there are no gaps or open spaces greater than 1/8 inch at the edge of the box.

L. Install boxes as required to preserve insulation integrity.

M. Metallic Floor Boxes:  Install box level at the proper elevation to be flush with finished floor.

N. Install permanent barrier between ganged wiring devices when voltage between adjacent devices
exceeds 300 V.

O. Install firestopping to preserve fire resistance rating of partitions and other elements, using materials and
methods specified in Section 07 8400.
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P. Close unused box openings.

Q. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment installed or
designated for future use.

R. Provide grounding and bonding in accordance with Section 26 0526.

S. Identify boxes in accordance with Section 26 0553.

T. Install boxes securely, in a neat and workmanlike manner, as specified in NECA 1.

U. Install in locations as shown on Drawings, and as required for splices, taps, wire pulling, equipment
connections, and as required by NFPA 70.

V. Set wall mounted boxes at elevations to accommodate mounting heights indicated.

W. Electrical boxes are shown on Drawings in approximate locations unless dimensioned.
1. Adjust box locations up to 10 feet if required to accommodate intended purpose.

X. Orient boxes to accommodate wiring devices oriented as specified in Section 26 2726.

Y. Maintain headroom and present neat mechanical appearance.

Z. Install pull boxes and junction boxes above accessible ceilings and in unfinished areas only.

AA. Install boxes to preserve fire resistance rating of partitions and other elements, using materials and
methods specified in Section 07 8400.

AB. Align adjacent wall mounted outlet boxes for switches, thermostats, and similar devices.

AC. Use flush mounting outlet box in finished areas.

AD. Locate flush mounting box in masonry wall to require cutting of masonry unit corner only.  Coordinate
masonry cutting to achieve neat opening.

AE. Do not install flush mounting box back-to-back in walls; provide minimum 6 inches separation.  Provide
minimum 24 inches separation in acoustic rated walls.

AF. Secure flush mounting box to interior wall and partition studs.  Accurately position to allow for surface
finish thickness.

AG. Do not fasten boxes to ceiling support wires.

AH. Support boxes independently of conduit, except cast box that is connected to two rigid metal conduits
both supported within 12 inches of box.

AI. Use gang box where more than one device is mounted together.  Do not use sectional box.

AJ. Use cast outlet box in exterior locations exposed to the weather and wet locations.
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AK. Use cast floor boxes for installations in slab on grade; formed steel boxes are acceptable for other
installations.

3.3 ADJUSTING

A. Adjust flush-mounting outlets to make front flush with finished wall material.

B. Install knockout closures in unused box openings.

3.4 CLEANING

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.

3.5 PROTECTION

A. Immediately after installation, protect boxes from entry of moisture and foreign material until ready for
installation of conductors.

B. Clean exposed surfaces and restore finish.

END OF SECTION
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SECTION 26 0548 - VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Vibration isolation requirements.

B. Seismic control requirements.
1. Includes requirements for seismic qualification of equipment not specified in this section.

C. Vibration-isolated equipment support bases.

D. Vibration isolators.

E. External seismic snubber assemblies.

F. Seismic restraint systems.

1.2 RELATED REQUIREMENTS

A. Section 01 4533 - Code-Required Special Inspections and Procedures.

B. Section 03 3000 - Cast-in-Place Concrete.

C. Section 26 0529 - Hangers and Supports for Electrical Systems.

1.3 DEFINITIONS

A. Electrical Component:  Where referenced in this section in regards to seismic controls, applies to any
portion of the electrical system subject to seismic evaluation in accordance with applicable codes,
including distributed systems (e.g., conduit, cable tray).

B. Seismic Restraint:  Structural members or assemblies of members or manufactured elements specifically
designed and applied for transmitting seismic forces between components and the seismic force-resisting
system of the structure.

1.4 REFERENCE STANDARDS

A. ASCE 7 - Minimum Design Loads and Associated Criteria for Buildings and Other Structures; Most
Recent Edition Cited by Referring Code or Reference Standard.

B. ASCE 19 - Structural Applications of Steel Cables for Buildings; 2016.

C. ASHRAE (HVACA) - ASHRAE Handbook - HVAC Applications; Most Recent Edition Cited by Referring
Code or Reference Standard.

D. ASTM E580/E580M - Standard Practice for Installation of Ceiling Suspension Systems for Acoustical Tile
and Lay-in Panels in Areas Subject to Earthquake Ground Motions; 2017.
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E. FEMA 413 - Installing Seismic Restraints for Electrical Equipment; 2004.

F. FEMA E-74 - Reducing the Risks of Nonstructural Earthquake Damage; 2012.

G. ICC (IBC) - International Building Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

H. ICC-ES AC156 - Acceptance Criteria for Seismic Certification by Shake-Table Testing of Nonstructural
Components; 2010, with Editorial Revision (2015).

I. MFMA-4 - Metal Framing Standards Publication; 2004.

J. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

K. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

L. SMACNA (SRM) - Seismic Restraint Manual Guidelines for Mechanical Systems; 2008.

1.5 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate selection and arrangement of vibration isolation and/or seismic control components with

the actual equipment to be installed.
2. Coordinate the work with other trades to provide additional framing and materials required for

installation.
3. Coordinate compatibility of support and attachment components with mounting surfaces at the

installed locations.
4. Seismic Controls:

a. Coordinate the arrangement of seismic restraints with ductwork, piping, equipment and other
potential conflicts installed under other sections or by others.

b. Coordinate the work with other trades to accommodate relative positioning of essential and
nonessential components in consideration of seismic interaction.

5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

B. Sequencing:
1. Do not install products on or provide attachment to concrete surfaces until concrete has fully cured

in accordance with Section 03 3000.

1.6 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Design Documents:  Prepare and submit all information required for plan review and permitting by
authorities having jurisdiction, including but not limited to floor plans, details, and calculations.
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C. Product Data:  Provide manufacturer's standard catalog pages and data sheets for products, including
materials, fabrication details, dimensions, and finishes.
1. Vibration Isolators:  Include rated load capacities and deflections; include information on color

coding or other identification methods for spring element load capacities.
2. Seismic Controls:  Include seismic load capacities.

D.  Shop Drawings - Vibration Isolation Systems:
1. Include dimensioned plan views and sections indicating proposed arrangement of vibration

isolators; indicate equipment weights and static deflections.
2. Vibration-Isolated Equipment Support Bases:  Include base weights, including concrete fill where

applicable; indicate equipment mounting provisions.

E. Shop Drawings - Seismic Controls:
1. Include dimensioned plan views and sections indicating proposed electrical component locations

and distributed system routing, with locations and details of gravity supports and seismic restraints
and associated attachments.

2. Identify mounting conditions required for equipment seismic qualification.
3. Identify anchor manufacturer, type, minimum embedment, minimum spacing, minimum member

thickness, and minimum edge distance requirements.
4. Indicate proposed arrangement of distributed system trapeze support groupings.
5. Indicate proposed locations for distributed system flexible fittings and/or connections.
6. Indicate locations of seismic separations where applicable.

F. Manufacturer’s detailed field testing and inspection procedures.

G. Field quality control test reports.

1.7 QUALITY ASSURANCE

A. Comply with NFPA 70.

B. Comply with applicable building code.

C. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

PART 2  PRODUCTS

2.1 VIBRATION ISOLATION REQUIREMENTS

A. Design and provide vibration isolation systems to reduce vibration transmission to supporting structure
from vibration-producing electrical equipment and/or electrical connections to vibration-isolated
equipment.
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B. Comply with applicable general recommendations of ASHRAE (HVACA), where not in conflict with other
specified requirements:

C. General Requirements:
1. Select vibration isolators to provide required static deflection.
2. Select vibration isolators for uniform deflection based on distributed operating weight of actual

installed equipment.
3. Select seismic type vibration isolators to comply with seismic design requirements, including

conditions of equipment seismic certification where applicable.
4. Select vibration isolators for outdoor equipment to comply with wind design requirements.
5. Select vibration-isolated equipment support bases and associated vibration isolators to provide

minimum 2-inch operating clearance beneath base unless otherwise indicated.

D. Equipment Isolation:
1. Transformers:

a. Specified vibration isolators are in addition to any factory-installed internal core and coil
assembly vibration isolators unless otherwise indicated.

b. Wall-Mounted Transformers, Seismic Applications:  Use seismic type resilient material isolator
mounts.

2. Engine Generators:
a. Specified vibration isolators are in addition to any factory-installed internal vibration isolators

between generator set and integral base unless otherwise indicated; obtain generator set
manufacturer approval of applied vibration isolation.

b. Seismic Applications:  Use seismic type restrained spring isolators.
c. Provide vibration-isolated concrete inertia bases where indicated.
d. Minimum Static Deflection:

1) Generators Mounted at Above-Grade Levels:  2 inch deflection unless otherwise
indicated.

E. Conduit Isolation:
1. Use flexible conduit or cable for electrical connections to vibration-isolated equipment, including

equipment installed under other sections or by others.
a. Minimum Length:  3 feet unless otherwise indicated.

2. Vibration Isolators:
a. Provide vibration isolators for conduit supports:
b. Minimum Static Deflection:

1) First Three Supports Closest to Isolated Equipment:  Same as static deflection of
equipment; maximum of 2 inch deflection required.

2) Remainder of Supports:  0.75 inch deflection unless otherwise indicated.
c. Suspended Conduits, Seismic Applications:  Use seismic type resilient material isolator

hangers, seismic type spring isolator hangers, or seismic type combination resilient
material/spring isolator hangers.

d. Use modular seal or approved resilient material where vibration-isolated conduits penetrate
building elements (e.g., walls, floors) arranged to prevent vibration transmission to structure.
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2.2 SEISMIC CONTROL REQUIREMENTS

A. Design and provide electrical component restraints, supports, and attachments suitable for seismic loads
determined in accordance with applicable codes, as well as gravity and operating loads and other
structural design considerations of the installed location. Consider wind loads for outdoor electrical
components.

B. Seismic Design Criteria:  ICC (IBC)/ASCE 7.

C. Component Importance Factor (Ip):  Electrical components essential to life safety to be assigned a
component importance factor (Ip) of 1.5 as indicated or as required.  This includes but is not limited to:
1. Electrical components required to function for life safety purposes after an earthquake.
2. Electrical components that support or otherwise contain hazardous substances.

D. Seismic Qualification of Equipment:
1. Provide special certification for electrical equipment furnished under other sections and assigned a

component importance factor (Ip) of 1.5, certifying that equipment will remain operable following a
design level earthquake.

2. Seismic qualification to be by shake table testing in accordance with recognized testing standard
procedure, such as ICC-ES AC156, acceptable to authorities having jurisdiction.

3. Notify DEDC, LLC and obtain direction where mounting restrictions required by conditions of
seismic certification conflict with specified requirements.

4. Seismically qualified equipment to be furnished with factory-installed labels referencing certificate of
compliance and associated mounting restrictions.

E. Seismic Restraints:
1. Provide seismic restraints for electrical components except where exempt according to applicable

codes and specified seismic design criteria, as approved by authorities having jurisdiction.
2. Seismic Restraint Exemptions:

a. Exemptions for Seismic Design Category C:
1) Electrical components where either of the following apply:

(a) The component importance factor (Ip) is 1.0 and the component is positively
attached to the structure.

(b) The component weighs 20 pounds or less or, in the case of a distributed system, 5
pounds per foot or less.

b. Exemptions for Seismic Design Category D, E, and F:
1) Discrete electrical components that are positively attached to the structure where either

of the following apply:
(a) The component weighs 400 pounds or less, has a center of mass located 4 feet or

less above the adjacent floor level, flexible connections are provided between the
component and associated ductwork, piping, and conduit, and the component
importance factor (Ip) is 1.0.

(b) The component weighs 20 pounds or less or, in the case of a distributed system, 5
pounds per foot or less.

c. Conduit, Cable Tray, and Raceway Exemptions, All Seismic Design Categories:
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1) Raceways with component importance factor (Ip) of 1.0 where flexible connections are
provided between cable tray or raceway and associated components, where cable tray
or raceway is positively attached to the structure, and where one of the following apply:
(a) Trapeze supported conduits, cable trays, or raceways with trapeze assemblies

using 3/8 inch diameter rod hangers not exceeding 12 inches in length from support
point connection to the supporting structure, and the total weight supported by any
single trapeze is 100 pounds or less.

(b) Trapeze supported conduits, cable trays, or raceways with trapeze assemblies
using 1/2 inch diameter rod hangers not exceeding 12 inches in length from support
point connection to the supporting structure, and the total weight supported by any
single trapeze is 200 pounds or less.

(c) Trapeze supported conduits, cable trays, or raceways with trapeze assemblies
using 1/2 inch diameter rod hangers not exceeding 24 inches in length from support
point connection to the supporting structure, and the total weight supported by any
single trapeze is 100 pounds or less.

(d) Hanger supported conduits, cable trays, or raceways with individual rod hangers
3/8 inch or 1/2 inch in diameter not exceeding 12 inches in length from support
point connection to the supporting structure, and the total weight supported by any
single rod is 50 pounds or less.

2) Conduits less than 2-1/2 inch trade size.
d. Lighting Exemptions, All Seismic Design Categories:

1) Suspended luminaires where attachments are designed to accommodate 1.4 times the
operating weight acting in both the vertical and horizontal directions  and connections to
structure allow for 360 degree range of motion in the horizontal plane; arrange to prevent
impact between luminaires and the structure or other nonstructural components.

2) Lay-in luminaires weighing less than 56 pounds secured to ceiling grid and provided with
safety wires in accordance with ASTM E580/E580M.

3. Comply with applicable general recommendations of the following, where not in conflict with
applicable codes, seismic design criteria, or other specified requirements:
a. ASHRAE (HVACA).
b. FEMA 413.
c. FEMA E-74.
d. SMACNA (SRM).

4. Seismic restraint capacities to be verified by a Nationally Recognized Testing Laboratory (NRTL) or
certified by an independent third-party registered professional engineer acceptable to authorities
having jurisdiction.

5. Seismic Type Vibration Isolators:
a. Comply with seismic design requirements, including conditions of equipment seismic

certification where applicable.
6. External Seismic Snubber Assemblies:

a. Provide quantity and arrangement of external seismic snubber assemblies as required to
restrain equipment in all directions (both lateral and vertical).

b. Do not use external seismic snubber assemblies that restrain equipment only in one or more
lateral directions (but not vertical) except where uplift forces are zero or are addressed by
other restraints.

7. Seismic Restraint Systems:
a. Except where otherwise restricted, use of either cable or rigid restraints is permitted.
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b. Use only cable restraints to restrain vibration-isolated electrical components, including
distributed systems.

c. Use only one restraint system type for a given electrical component or distributed system
(e.g., conduit, cable tray) run; mixing of cable and rigid restraints on a given component/run is
not permitted.

d. Size restraint elements, including anchorage, to resist seismic loads as necessary to restrain
electrical component in all lateral directions; consider bracket geometry in anchor load
calculations.

e. Use rod stiffener clips to attach bracing to hanger rods as required to prevent rod buckling
from vertical (upward) compressive load introduced by cable or rigid restraints loaded in
tension, in excess of downward tensile load due to supported electrical component weight.

f. Select hanger rods and associated anchorage as required to accommodate vertical
(downward) tensile load introduced by rigid restraints loaded in compression, in addition to
downward tensile load due to supported electrical component weight.

g. Clevis hangers may only be used for attachment of transverse restraints; do not use for
attachment of longitudinal restraints.

h. Where seismic restraints are attached to clevis hangers, provide clevis bolt reinforcement
accessory to prevent clevis hanger deformation.

i. Do not introduce lateral loads on open bar joist chords or the weak axis of beams, or loads in
any direction at other than panel points unless approved by project Structural Engineer of
Record.

F. Seismic Attachments:
1. Attachments to be bolted, welded, or otherwise positively fastened without consideration of frictional

resistance produced by the effects of gravity.
2. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC Evaluation

Service, LLC (ICC-ES) or qualified evaluation service acceptable to authorities having jurisdiction
for compliance with applicable building code, and qualified for seismic applications; concrete
anchors to be qualified for installation in both cracked and uncracked concrete.

3. Do not use power-actuated fasteners.
4. Do not use friction clips (devices that rely on mechanically applied friction to resist loads). Beam

clamps may be used for supporting sustained loads where provided with restraining straps.
5. Comply with anchor minimum embedment, minimum spacing, minimum member thickness, and

minimum edge distance requirements.
6. Concrete Housekeeping Pads:

a. Increase size of pad as required to comply with anchor requirements.
b. Provide pad reinforcement and doweling to ensure integrity of pad and connection and to

provide adequate load path from pad to supporting structure.

G. Seismic Interactions:
1. Include provisions to prevent seismic impact between electrical components and other structural or

nonstructural components.
2. Include provisions such that failure of a component, either essential or nonessential, does not

cause the failure of an essential component.
3. Comply with minimum clearance requirements between electrical equipment, distribution systems,

and associated supports and fire protection sprinkler system drops and sprigs.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

VIBRATION AND SEISMIC CONTROLS FOR ELECTRICAL
SYSTEMS

26 0548 - 8

H. Seismic Relative Displacement Provisions:
1. Use suitable fittings or flexible connections to accommodate:

a. Relative displacements at connections between components, including distributed systems
(e.g., conduit, cable tray); do not exceed load limits for equipment utility connections.

b. Relative displacements between component supports attached to dissimilar parts of structure
that may move differently during an earthquake.

c. Design displacements at seismic separations.
d. Anticipated drifts between floors.

2.3 VIBRATION-ISOLATED EQUIPMENT SUPPORT BASES

2.4 VIBRATION ISOLATORS

A. General Requirements:
1. Resilient Materials for Vibration Isolators:  Oil, ozone, and oxidant resistant.
2. Spring Elements for Spring Isolators:

a. Color code or otherwise identify springs to indicate load capacity.
b. Lateral Stability:  Minimum lateral stiffness to vertical stiffness ratio of 0.8.
c.  Designed to operate in the linear portion of their load versus deflection curve over deflection

range of not less than 50 percent above specified deflection.
d. Designed to provide additional travel to solid of not less than 50 percent of rated deflection at

rated load.
e. Selected to provide designed deflection of not less than 75 percent of specified deflection.
f. Selected to function without undue stress or overloading.

3. Seismic Snubbing Elements for Seismic Isolators:
a. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
b. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of

being visually inspected for damage and replaced.

2.5 EXTERNAL  SEISMIC SNUBBER ASSEMBLIES

A. Description:  Steel snubbing assemblies designed for external attachment to both equipment and
supporting structure that, as part of a complete system, restrain equipment motion in all directions during
a seismic event while maintaining vibration isolation during normal operation.

B. Seismic Snubbing Elements:
1. Air Gap:  Between 0.125 inches and 0.25 inches unless otherwise indicated.
2. Points of Contact:  Cushioned with resilient material, minimum 0.25 inch thick; capable of being

visually inspected for damage and replaced.

2.6 SEISMIC RESTRAINT SYSTEMS

A. Description:  System components and accessories specifically designed for field assembly and
attachment of seismic restraints.

B. Cable Restraints:
1. Comply with ASCE 19.
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2. Cables:  Pre-stretched, galvanized steel wire rope with certified break strength.
3. Cable Connections:  Use only swaged end fittings. Cable clips and wedge type end fittings are not

permitted in accordance with ASCE 19.
4. Use protective thimbles for cable loops where potential for cable damage exists.

C. Rigid Restraints: Use MFMA-4 steel channel (strut), steel angle, or steel pipe for structural element;
suitable for both compressive and tensile design loads.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as shown on the drawings.

B. Verify that mounting surfaces are ready to receive vibration isolation and/or seismic control components
and associated attachments.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.2 CODE-REQUIRED SPECIAL INSPECTIONS

A. Arrange work to accommodate tests and/or inspections performed by Special Inspection Agency
employed by Owner or DEDC, LLC in accordance with Section 01 4533 and statement of special
inspections as required by applicable building code.

B. Frequency of Special Inspections:  Where special inspections are designated as continuous or periodic,
arrange work accordingly.
1. Continuous Special Inspections:  Special Inspection Agency to be present in the area where the

work is being performed and observe the work at all times the work is in progress.
2. Periodic Special Inspections:  Special Inspection Agency to be present in the area where work is

being performed and observe the work part-time or intermittently and at the completion of the work.

C. Seismic special inspections include, but are not limited to:
1. Seismically Qualified Equipment:  Verification that label, anchorage, and mounting comply with

certificate of compliance.
2. Verification of required clearances between electrical equipment, distribution systems, and

associated supports and fire protection sprinkler system drops and sprigs for Seismic Design
Categories C, D, E, and F; periodic inspection.

D. Prior to starting work, Contractor to submit written statement of responsibility to authorities having
jurisdiction and to Owner acknowledging awareness of special requirements contained in the statement
of special inspections.

E. Special Inspection Agency services do not relieve Contractor from performing inspections and testing
specified elsewhere.

3.3 INSTALLATION

A. Install products in accordance with manufacturer's instructions.
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B. Install products in accordance with applicable requirements of NECA 1 (general workmanship).

C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) evaluation
report conditions of use where applicable.

D. Secure fasteners according to manufacturer's recommended torque settings.

E. Install flexible conduit and cable connections to provide sufficient slack for vibration isolation and/or
seismic relative displacements as indicated or as required.

F. Vibration Isolation Systems:
1. Vibration-Isolated Equipment Support Bases:

a. Provide specified minimum clearance beneath base.
2. Spring Isolators:

a. Position equipment at operating height; provide temporary blocking as required.
b. Lift equipment free of isolators prior to lateral repositioning to avoid damage to isolators.
c. Level equipment by adjusting isolators gradually in sequence to raise equipment uniformly

such that excessive weight or stress is not placed on any single isolator.
3. Isolator Hangers:

a. Use precompressed isolator hangers where required to facilitate installation and prevent
damage to equipment utility connection provisions.

b. Locate isolator hangers at top of hanger rods in accordance with manufacturer's instructions.
4. Clean debris from beneath vibration-isolated equipment that could cause short-circuiting of

isolation.
5. Use elastomeric grommets for attachments where required to prevent short-circuiting of isolation.
6. Adjust isolators to be free of isolation short circuits during normal operation.
7. Do not overtighten fasteners such that resilient material isolator pads are compressed beyond

manufacturer's maximum recommended deflection.

G. Seismic Controls:
1. Provide specified snubbing element air gap; remove any factory-installed spacers, debris or other

obstructions.
2. Use only specified components, anchorage, and hardware evaluated by seismic design. Comply

with conditions of seismic certification where applicable.
3. Where mounting hole diameter exceeds bolt diameter by more than 0.125 inch, use epoxy grout,

elastomeric grommet, or welded washer to reduce clearance to 0.125 inch or less.
4. Equipment with Sheet Metal Housings:

a. Use Belleville washers to distribute stress over a larger surface area of the sheet metal
connection interface as approved by manufacturer.

b. Attach additional steel as approved by manufacturer where required to transfer loads to
structure.

c. Where mounting surface is irregular, do not shim housing; reinforce housing with additional
steel as approved by manufacturer.

5. Concrete Housekeeping Pads:
a. Size in accordance with seismic design to meet anchor requirements.
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b. Install pad reinforcement and doweling in accordance with seismic design to ensure integrity
of pad and associated connection to slab.

6. Seismic Restraint Systems:
a. Do not attach seismic restraints and gravity supports to dissimilar parts of structure that may

move differently during an earthquake.
b. Install restraints within permissible angles in accordance with seismic design.
c. Install cable restraints straight between component/run and structural attachment; do not bend

around other nonstructural components or structural elements.
d. Install cable restraints for vibration-isolated components slightly slack to prevent

short-circuiting of isolation.
e. Install hanger rod stiffeners where indicated using only specified clamps; do not weld

stiffeners to hanger rod.

3.4 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect vibration isolation and/or seismic control components for damage and defects.

C. Provide services of a manufacturer's authorized representative for vibration isolation systems and
seismic controls to observe installation and assist in inspection and testing. Include manufacturer's
detailed testing and inspection procedures and field reports with submittals.

D. Vibration Isolation Systems:
1. Verify isolator static deflections.
2. Verify required clearance beneath vibration-isolated equipment support bases.
3. Verify vibration isolation performance during normal operation; investigate sources of isolation short

circuits.

E. Seismic Controls:
1. Verify snubbing element air gaps.

F. Correct deficiencies and replace damaged or defective vibration isolation and/or seismic control
components.

G. Submit detailed reports indicating inspection and testing results and corrective actions taken.

END OF SECTION
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SECTION 26 0553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Electrical identification requirements.

B. Large Device Identification.

C. Nameplates and Labels.

D. Wire and cable markers.

E. Voltage markers.

F. Underground warning tape.

G. Warning signs and labels.

1.2 RELATED REQUIREMENTS

A. Section 09 9113 - Exterior Painting.

B. Section 09 9123 - Interior Painting.

C. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables:  Color coding for power
conductors and cables 600 V and less; vinyl color coding electrical tape.

D. Section 26 0536 - Cable Trays for Electrical Systems:  Additional identification requirements for cable tray
systems.

E. Section 26 0573 - Power System Studies:  Arc flash hazard warning labels.

F. Section 26 2726 - Wiring Devices - Lutron:  Device and wallplate finishes; factory pre-marked wallplates.

G. Section 27 1000 - Structured Cabling:  Identification for communications cabling and devices.

H. Section 27 10 00 - Data & Voice Communications Cabling:  Identification for communications cabling and
devices.

1.3 REFERENCE STANDARDS

A. ANSI Z535.2 - American National Standard for Environmental and Facility Safety Signs; 2011.

B. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2011.

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

D. UL 969 - Marking and Labeling Systems; Current Edition, Including All Revisions.
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1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Verify final designations for equipment, systems, and components to be identified prior to

fabrication of identification products.

B. Sequencing:
1. Do not conceal items to be identified, in locations such as above suspended ceilings, until

identification products have been installed.
2. Do not install identification products until final surface finishes and painting are complete.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements for submittals procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each product.

C. Shop Drawings:  Provide schedule of items to be identified indicating proposed designations, materials,
legends, and formats.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.7 FIELD CONDITIONS

A. Do not install adhesive products when ambient temperature is lower than recommended by
manufacturer.

PART 2  PRODUCTS

2.1 IDENTIFICATION REQUIREMENTS

A. Existing Work:  Unless specifically excluded, identify existing elements to remain that are not already
identified in accordance with specified requirements.

B. Identification for Equipment:
1. Use identification nameplate to identify each piece of electrical distribution and control equipment

and associated sections, compartments, and components.
a. Panelboards:

1) Identify ampere rating.
2) Identify voltage and phase.
3) Identify power source and circuit number. Include location when not within sight of

equipment.
4) Identify main overcurrent protective device. Use identification label for panelboards with

a door. For power distribution panelboards without a door, use identification nameplate.
5) Use typewritten circuit directory to identify load(s) served for panelboards with a door.

Identify spares and spaces using pencil.
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6) For power panelboards without a door, use identification nameplate to identify load(s)
served for each branch device. Identify spares and spaces.

b. Enclosed switches, circuit breakers, and motor controllers:
1) Identify voltage and phase.
2) Identify power source and circuit number. Include location when not within sight of

equipment.
3) Identify load(s) served. Include location when not within sight of equipment.

c. Time Switches:
1) Identify load(s) served and associated circuits controlled. Include location.

d. Transfer Switches:
1) Identify voltage and phase.
2) Identify power source and circuit number for both normal power source and standby

power source. Include location when not within sight of equipment.
3) Identify load(s) served. Include location when not within sight of equipment.
4) Identify short circuit current rating based on the specific overcurrent protective device

type and settings protecting the transfer switch.
2. Service Equipment:

a. Use identification nameplate to identify each service disconnecting means.
b. For buildings or structures supplied by more than one service, or any combination of branch

circuits, feeders, and services, use identification nameplate or means of identification
acceptable to authority having jurisdiction at each service disconnecting means to identify all
other services, feeders, and branch circuits supplying that building or structure. Verify format
and descriptions with authority having jurisdiction.

3. Emergency System Equipment:
a. Use identification nameplate or voltage marker to identify emergency system equipment in

accordance with NFPA 70.
b. Use identification nameplate at each piece of service equipment to identify type and location

of on-site emergency power sources.
4. Use identification label to identify overcurrent protective devices for branch circuits serving fire

alarm circuits. Identify with text "FIRE ALARM CIRCUIT".
5. Available Fault Current Documentation:  Use identification label to identify the available fault current

and date calculations were performed at locations requiring documentation by NFPA 70, including
but not limited to the following.
a. Service equipment.
b. Elevator control panels.

6. Arc Flash Hazard Warning Labels:  Comply with Section 26 0573.

C. Identification for Conductors and Cables:
1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26 0519.
2. Identification for Communications Conductors and Cables:  Comply with Section 27 1000.
3. Use wire and cable markers to identify circuit number or other designation indicated for power,

control, and instrumentation conductors and cables at the following locations:
a. At each source and load connection.
b. Within boxes when more than one circuit is present.
c. Within equipment enclosures when conductors and cables enter or leave the enclosure.

4. Use wire and cable markers to identify connected grounding electrode system components for
grounding electrode conductors.
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D. Identification for Raceways:
1. Use voltage markers to identify highest voltage present for accessible conduits at maximum

intervals of 20 feet.
2. Use voltage markers or color-coded bands to identify systems other than normal power system for

accessible conduits at maximum intervals of 20 feet.
a. Color-Coded Bands:  Use field-painting or vinyl color coding electrical tape to mark bands 3

inches wide.
1) Color Code:

(a) Emergency Power System:  Red.
2) Field-Painting:  Comply with Section 09 9123 and 09 9113.
3) Vinyl Color Coding Electrical Tape:  Comply with Section 26 0519.

3. Use identification labels, handwritten text using indelible marker, or plastic marker tags to identify
circuits enclosed for accessible conduits at wall penetrations, at floor penetrations, at roof
penetrations, and at equipment terminations when source is not within sight.

4. Use underground warning tape to identify underground raceways.

E. Identification for Cable Tray:  Comply with Section 26 0536.

F. Identification for Boxes:
1. Use voltage markers to identify highest voltage present.
2. Use voltage markers or color coded boxes to identify systems other than normal power system.

a. Color-Coded Boxes:  Field-painted in accordance with Section 09 9123 and 09 9113 per the
same color code used for raceways.

3. Use identification labels or handwritten text using indelible marker to identify circuits enclosed.
a. For exposed boxes in public areas, use only identification labels.

G. Identification for Devices:
1. Identification for Communications Devices:  Comply with Section 27 10 00.
2. Wiring Device and Wallplate Finishes:  Comply with Section 26 2726.
3. Use identification label to identify fire alarm system devices.
4. Use identification label to identify serving branch circuit for all receptacles.

a. For receptacles in public areas or in areas as directed by Architect, provide identification on
inside surface of wallplate.

2.2 MANUFACTURERS

A. Brady Corporation:  www.bradycorp.com.

B. Substitutions:  See Section 01 6000 - Product Requirements.

2.3 LARGE DEVICE IDENTIFICATION

A. Identify all disconnect switches, pull boxes, junction boxes (larger than 4" X 4") in unfinished areas with
Brady voltage markers, catalog #B-498, series #44xxx (xxx indicates last 3 numbers of model number
which vary based on voltage, size, etc. Contractor shall coordinate this information prior to ordering). 
Sizes for each label shall be as large as possible, style "A", "B" or "C" as the device permits.
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B. Identify all disconnect switches, pull boxes, junction boxes (larger than 4" X 4") finished with black
engraved lamicoid self-adhesive labels, 1" X 4".  The label shall state the power feed, circuit or section
number, and the equipment identification number that the large device serves.

2.4 IDENTIFICATION NAMEPLATES AND LABELS

A. Identification Nameplates:
1. Manufacturers:

a. Brimar Industries, Inc:  www.brimar.com/#sle.
b. Kolbi Pipe Marker Co; ______:  www.kolbipipemarkers.com/#sle.
c. Seton Identification Products; ______:  www.seton.com/#sle.
d. Substitutions:  See Section 01 6000 - Product Requirements.

2. Materials:
a. Indoor Clean, Dry Locations:  Use plastic nameplates.
b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for exterior

use.
3. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically non-conductive

phenolic with beveled edges; minimum thickness of 1/16 inch; engraved text.
4. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch; engraved or laser-etched text.
5. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch; engraved or laser-etched text.
6. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch high;

Four, located at corners for larger sizes.

B. Identification Labels:
1. Manufacturers:

a. Brady Corporation; ______:  www.bradyid.com/#sle.
b. Brother International Corporation:  www.brother-usa.com/#sle.
c. Panduit Corp:  www.panduit.com/#sle.
d. Substitutions:  See Section 01 6000 - Product Requirements.

2. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and abrasion
resistant.
a. Use only for indoor locations.

3. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless otherwise
indicated.

C. Format for Equipment Identification:
1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:

a. Equipment designation or other approved description.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:

a. Equipment Designation:  1/2 inch.
5. Color:

a. Normal Power System:  White text on black background.

D. Format for General Information and Operating Instructions:
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1. Minimum Size:  1 inch by 2.5 inches.
2. Legend:  Include information or instructions indicated or as required for proper and safe operation

and maintenance.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  1/4 inch.
5. Color:  Black text on white background unless otherwise indicated.

a. Exceptions:
1) Provide white text on red background for general information or operational instructions

for emergency systems.

E. Format for Receptacle Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Power source and circuit number or other designation indicated.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Black text on clear background.

F. Format for Control Device Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Load controlled or other designation indicated.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Black text on clear background.

G. Format for Fire Alarm Device Identification:
1. Minimum Size:  3/8 inch by 1.5 inches.
2. Legend:  Designation indicated and device zone or address.
3. Text: All capitalized unless otherwise indicated.
4. Minimum Text Height:  3/16 inch.
5. Color:  Red text on white background.

H. Nameplates:  Engraved three-layer laminated plastic, black letters on white background, 2" by 6" in size

I. Locations:
1. Each electrical distribution and control equipment enclosure.
2. Disconnect Switches
3. Panelboards.

J. Letter Size:
1. Use 1/8 inch letters for identifying individual equipment and loads.

K. Labels:  Embossed adhesive tape, with 3/16 inch (5 mm) white letters on black background.  Use only for
identification of individual wall switches and receptacles, and control device stations.

2.5 WIRE AND CABLE MARKERS

A. Manufacturers:
1. Brady, Bradysleeve, Catalog #B-320 PVC.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

IDENTIFICATION FOR ELECTRICAL SYSTEMS 26 0553 - 7

2. Substitutions:  See Section 01 6000 - Product Requirements.

B. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around
self-adhesive vinyl self-laminating, heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl split sleeve
type markers suitable for the conductor or cable to be identified.

C. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable ties.

D. Legend:  Power source and circuit number or other designation indicated.

E. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated.

F. Minimum Text Height:  1/8 inch.

G. Color:  Black text on white background unless otherwise indicated.

H. Locations:  Each conductor at pull boxes, junction boxes, and Termination or connection points including
each load connection.

I. Legend:
1. Power and Lighting Circuits:  Branch circuit or feeder number indicated on drawings.

2.6 VOLTAGE MARKERS

A. Markers for Conduits:  Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth, or vinyl
snap-around type markers.

B. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or
self-adhesive vinyl cloth type markers.

C. Minimum Size:
1. Markers for Conduits:  As recommended by manufacturer for conduit size to be identified.
2. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches.
3. Markers for Junction Boxes:  1/2 by 2 1/4 inches.

D. Legend:
1. Markers for Voltage Identification:  Highest voltage present.
2. Markers for System Identification:

a. Emergency Power System:  Text "EMERGENCY".

E. Color:  Black text on orange background unless otherwise indicated.

F. Location:  Furnish markers for each conduit longer than 6 feet.

G. Spacing:  20 feet on center.

2.7 UNDERGROUND WARNING TAPE

A. Manufacturers:
1. Brady Corporation; ______:  www.bradyid.com/#sle.
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2. Brimar Industries, Inc:  www.brimar.com/#sle.
3. Seton Identification Products; ______:  www.seton.com/#sle.
4. Substitutions:  See Section 01 6000 - Product Requirements.

B. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct burial, unless otherwise
indicated.

C. Foil-backed Detectable Type Tape:  3 inches wide, with minimum thickness of 5 mil, unless otherwise
required for proper detection.

D. Legend:  Type of service, continuously repeated over full length of tape.

E. Color:
1. Tape for Buried Power Lines:  Black text on red background.
2. Tape for Buried Communication, Alarm, and Signal Lines:  Black text on orange background.

2.8 WARNING SIGNS AND LABELS

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.

B. Warning Signs:
1. Materials:

a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive vinyl signs.
2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners.
3. Minimum Size:  7 by 10 inches unless otherwise indicated.

C. Warning Labels:
1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or self-adhesive vinyl

labels; UV, chemical, water, heat, and abrasion resistant; produced using materials recognized to
UL 969.

2. Machine-Printed Labels:  Use thermal transfer process printing machines and accessories
recommended by label manufacturer.

3. Minimum Size:  2 by 4 inches unless otherwise indicated.

PART 3  EXECUTION

3.1 PREPARATION

A. Clean surfaces to receive adhesive products according to manufacturer's instructions.

B. Degrease and clean surfaces to receive nameplates and labels.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install identification products to be plainly visible for examination, adjustment, servicing, and
maintenance. Unless otherwise indicated, locate products as follows:
1. Surface-Mounted Equipment:  Enclosure front.
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2. Flush-Mounted Equipment:  Inside of equipment door.
3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear access.
4. Elevated Equipment:  Legible from the floor or working platform.
5. Branch Devices:  Adjacent to device.
6. Interior Components:  Legible from the point of access.
7. Conduits:  Legible from the floor.
8. Boxes:  Outside face of cover.
9. Conductors and Cables:  Legible from the point of access.
10. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being identified.

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior
surfaces using self-adhesive backing or epoxy cement.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or wrinkles and
edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3 inches below finished
grade.

G. Secure rigid signs using stainless steel screws.

H. Mark all handwritten text, where permitted, to be neat and legible.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs of
improper adhesion.

END OF SECTION
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SECTION 26 0573 - POWER SYSTEM STUDIES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Short-circuit study.

B. Protective device coordination study.

C. Arc flash and shock risk assessment.
1. Includes arc flash hazard warning labels.

D. Criteria for the selection and adjustment of equipment and associated protective devices not specified in
this section, as determined by studies to be performed.

E. Flash Hazard Study

1.2 RELATED REQUIREMENTS

A. Section 26 0553 - Identification for Electrical Systems:  Additional requirements for arc flash hazard
warning labels.

B. Section 26 2416 - Panelboards.

C. Section 26 2813 - Fuses.

1.3 REFERENCE STANDARDS

A. ANSI Z535.4 - American National Standard for Product Safety Signs and Labels; 2011.

B. IEEE 141 - IEEE Recommended Practice for Electrical Power Distribution for Industrial Plants; 1993
(Reaffirmed 1999).

C. IEEE 242 - IEEE Recommended Practice for Protection and Coordination of Industrial and Commercial
Power Systems; 2001, with Errata (2003).

D. IEEE 399 - IEEE Recommended Practice for Industrial and Commercial Power Systems Analysis; 1997.

E. IEEE 551 - IEEE Recommended Practice for Calculating Short-Circuit Currents in Industrial and
Commercial Power Systems; 2006.

F. IEEE 1584 - IEEE Guide for Performing Arc Flash Hazard Calculations; 2018.

G. NEMA MG 1 - Motors and Generators; 2017.

H. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

I. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.
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J. NFPA 70E - Standard for Electrical Safety in the Workplace; 2017.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work to provide equipment and associated protective devices complying with criteria

for selection and adjustment, as determined by studies to be performed.
2. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction

before proceeding with work.

B. Sequencing:
1. Submit study reports prior to or concurrent with product submittals.
2. Do not order equipment until matching study reports and product submittals have both been

evaluated by DEDC, LLC.
3. Verify naming convention for equipment identification prior to creation of final drawings, reports, and

arc flash hazard warning labels (where applicable).

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Study preparer's qualifications.

C. Study reports, stamped or sealed and signed by study preparer.

D. Product Data:  In addition to submittal requirements specified in other sections, include manufacturer's
standard catalog pages and data sheets for equipment and protective devices indicating information
relevant to studies.
1. Include characteristic time-current trip curves for protective devices.
2. Include impedance data for busway.
3. Include impedance data for engine generators.
4. Clearly indicate whether proposed short circuit current ratings are fully rated or, where acceptable,

series rated systems.
5. Identify modifications made in accordance with studies that:

a. Can be made at no additional cost to Owner.
b. As submitted will involve a change to the contract sum.

E. Arc Flash Hazard Warning Label Samples:  One of each type and legend specified.

F. Site-specific arc flash hazard warning labels.

G. Certification that field adjustable protective devices have been set in accordance with requirements of
studies.

H. Project Record Documents:  Revise studies as required to reflect as-built conditions.
1. Include hard copies with operation and maintenance data submittals.
2. Include computer software files used to prepare studies with file name(s) cross-referenced to

specific pieces of equipment and systems.
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1.6 POWER SYSTEM STUDIES

A. Scope of Studies:
1. Perform analysis of new electrical distribution system as indicated on drawings.
2. Except where study descriptions below indicate exclusions, analyze system at each bus from

primary protective devices of utility source down to each piece of equipment involved, including
parts of system affecting calculations being performed (e.g. fault current contribution from motors).

3. Include in analysis alternate sources and operating modes (including known future configurations)
to determine worst case conditions.
a. Known Operating Modes:

1) Utility as source.
2) Generator as source.

B. General Study Requirements:
1. Comply with NFPA 70.
2. Perform studies utilizing computer software complying with specified requirements; manual

calculations are not permitted.

C. Data Collection:
1. Compile information on project-specific characteristics of actual installed equipment, protective

devices, feeders, etc. as necessary to develop single-line diagram of electrical distribution system
and associated input data for use in system modeling.
a. Utility Source Data:  Include primary voltage, maximum and minimum three-phase and

line-to-ground fault currents, impedance, X/R ratio, and primary protective device information.
1) Obtain up-to-date information from Utility Company.
2) Utility Company:  JERSEY CENTRAL POWER & LIGHT.

(a) Point of Contact:  TONY MENIO.
(b) Phone:  732-942-2837.

b. Generators:  Include manufacturer/model, kW and voltage ratings, and impedance.
c. Motors:  Include manufacturer/model, type (e.g. induction, synchronous), horsepower rating,

voltage rating, full load amps, and locked rotor current or NEMA MG 1 code letter designation.
d. Transformers:  Include primary and secondary voltage ratings, kVA rating, winding

configuration, percent impedance, and X/R ratio.
e. Protective Devices:

1) Circuit Breakers:  Include manufacturer/model, type (e.g. thermal magnetic, electronic
trip), frame size, trip rating, voltage rating, interrupting rating, available field-adjustable
trip response settings, and features (e.g. zone selective interlocking).

2) Fuses:  Include manufacturer/model, type/class (e.g. Class J), size/rating, and speed
(e.g. time delay, fast acting).

f. Protective Relays:  Include manufacturer/model, type, settings, current/potential transformer
ratio, and associated protective device.

g. Conductors:  Include feeder size, material (e.g. copper, aluminum), insulation type, voltage
rating, number per phase, raceway type, and actual length.

D. Short-Circuit Study:
1. Comply with IEEE 551 and applicable portions of IEEE 141, IEEE 242, and IEEE 399.
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2. For purposes of determining equipment short circuit current ratings, consider conditions that may
result in maximum available fault current, including but not limited to:
a. Maximum utility fault currents.
b. Maximum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source, utility/generator in

parallel, bus tie breaker open/close positions).
3. For each bus location, calculate the maximum available three-phase bolted symmetrical and

asymmetrical fault currents. For grounded systems, also calculate the maximum available
line-to-ground bolted fault currents.

E. Protective Device Coordination Study:
1. Comply with applicable portions of IEEE 242 and IEEE 399.
2. Analyze alternate scenarios considering known operating modes (e.g. utility as source, generator

as source, utility/generator in parallel, bus tie breaker open/close positions).
3. Analyze protective devices and associated settings for suitable margins between time-current

curves to achieve full selective coordination while providing adequate protection for equipment and
conductors.

F. Arc Flash and Shock Risk Assessment:
1. Comply with NFPA 70E.
2. Perform incident energy and arc flash boundary calculations in accordance with IEEE 1584 (as

referenced in NFPA 70E Annex D), where applicable.
a. Where reasonable, study preparer may assume a maximum clearing time of two seconds in

accordance with IEEE 1584, provided that the conditions are such that a worker's egress from
an arc flash event would not be inhibited.

3. Analyze alternate scenarios considering conditions that may result in maximum incident energy,
including but not limited to:
a. Maximum and minimum utility fault currents.
b. Maximum and minimum motor contribution.
c. Known operating modes (e.g. utility as source, generator as source, utility/generator in

parallel, bus tie breaker open/close positions).

G. Study Reports:
1. General Requirements:

a. Identify date of study and study preparer.
b. Identify study methodology and software product(s) used.
c. Identify scope of studies, assumptions made, implications of possible alternate scenarios, and

any exclusions from studies.
d. Identify base used for per unit values.
e. Include single-line diagram and associated input data used for studies; identify buses on

single-line diagram as referenced in reports, and indicate bus voltage.
f. Include conclusions and recommendations.

2. Short-Circuit Study:
a. For each scenario, identify at each bus location:

1) Calculated maximum available symmetrical and asymmetrical fault currents (both
three-phase and line-to-ground where applicable).

2) Fault point X/R ratio.
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3) Associated equipment short circuit current ratings.
b. Identify locations where the available fault current exceeds the equipment short circuit current

rating, along with recommendations.
3. Protective Device Coordination Study:

a. For each scenario, include time-current coordination curves plotted on log-log scale graphs.
b. For each graph include (where applicable):

1) Partial single-line diagram identifying the portion of the system illustrated.
2) Protective Devices:  Time-current curves with applicable tolerance bands for each

protective device in series back to the source, plotted up to the maximum available fault
current at the associated bus.

3) Conductors:  Damage curves.
4) Transformers:  Inrush points and damage curves.
5) Generators:  Full load current, overload curves, decrement curves, and short circuit

withstand points.
6) Motors:  Full load current, starting curves, and damage curves.
7) Capacitors:  Full load current and damage curves.

c. For each protective device, identify fixed and adjustable characteristics with available ranges
and recommended settings.
1) Circuit Breakers:  Include long time pickup and delay, short time pickup and delay, and

instantaneous pickup.
2) Include ground fault pickup and delay.
3) Include fuse ratings.
4) Protective Relays:  Include current/potential transformer ratios, tap, time dial, and

instantaneous pickup.
d. Identify cases where either full selective coordination or adequate protection is not achieved,

along with recommendations.
4. Arc Flash and Shock Risk Assessment:

a. For the worst case for each scenario, identify at each bus location:
1) Calculated incident energy and associated working distance.
2) Calculated arc flash boundary.
3) Bolted fault current.
4) Arcing fault current.
5) Clearing time.
6) Arc gap distance.

b. For purposes of producing arc flash hazard warning labels, summarize the maximum incident
energy and associated data reflecting the worst case condition of all scenarios at each bus
location.

1.7 PROTECTIVE DEVICE STUDY

A. Flash Hazard Study:  Contractor responsible to calculate flash hazard, shock values, and required
Personal Protecction Device (PPE) requirements in accordance with OSHA Standards.  Study must be
continuted until OSHA defined 'Level-0' protection is achieved.  Contractor is also responsible to provide
the following:
1. Furnish Flash / Shock / and PPE labels  as calculated by study.  Coordinate with electrical

contractor for installation of labels on all equipment.
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1.8 QUALITY ASSURANCE

A. Study Preparer Qualifications:  Professional electrical engineer licensed in Pennsylvania and with
minimum five years experience in the preparation of studies of similar type and complexity using
specified computer software.
1. Study preparer may be employed by the manufacturer of the electrical distribution equipment.

B. Computer Software for Study Preparation:  Use the latest edition of commercially available software
utilizing specified methodologies.
1. Acceptable Software Products:

a. SKM Systems Analysis, Inc:  www.skm.com/#sle.
b. Substitutions:  See Section 01 6000 - Product Requirements.

PART 2  PRODUCTS

2.1 ARC FLASH HAZARD WARNING LABELS

A. Provide warning labels complying with ANSI Z535.4 to identify arc flash hazards for each work location
analyzed by the arc flash and shock risk assessment.
1. Materials:  Comply with Section 26 0553.
2. Minimum Size:  4 by 6 inches.
3. Legend:  Provide custom legend in accordance with NFPA 70E based on equipment-specific data

as determined by arc flash and shock risk assessment.
a. Include orange header that reads "WARNING" unless otherwise indicated.
b. Include the text "Arc Flash and Shock Hazard; Appropriate PPE Required" or approved

equivalent.
c. Include the following information:

1) Arc flash boundary.
2) Available incident energy and corresponding working distance.
3) Nominal system voltage.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install arc flash warning labels in accordance with Section 26 0553.

3.2 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Adjust equipment and protective devices for compliance with studies and recommended settings.

D. Notify DEDC, LLC of any conflicts with or deviations from studies. Obtain direction before proceeding.
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3.3 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.

B. See Section 01 7900 - Demonstration and Training, for additional requirements.

END OF SECTION
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SECTION 26 0583 - WIRING CONNECTIONS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Electrical connections to equipment.

1.2 RELATED REQUIREMENTS

A. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables.

B. Section 26 0533.13 - Conduit for Electrical Systems.

C. Section 26 0533.16 - Boxes for Electrical Systems.

D. Section 26 2726 - Wiring Devices.

E. Section 26 2816.16 - Enclosed Switches.

1.3 REFERENCE STANDARDS

A. NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (Reaffirmed 2015).

B. NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2016.

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Obtain and review shop drawings, product data, manufacturer's wiring diagrams, and

manufacturer's instructions for equipment furnished under other sections.
2. Determine connection locations and requirements.

B. Sequencing:
1. Install rough-in of electrical connections before installation of equipment is required.
2. Make electrical connections before required start-up of equipment.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide wiring device manufacturer’s catalog information showing dimensions,
configurations, and construction.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.
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B. Products:  Listed, classified, and labeled as suitable for the purpose intended.

PART 2  PRODUCTS

2.1 MATERIALS

A. Cords and Caps:  NEMA WD 6; match receptacle configuration at outlet provided for equipment.
1. Colors:  Comply with NEMA WD 1.
2. Cord Construction:  NFPA 70, Type SO, multiconductor flexible cord with identified equipment

grounding conductor, suitable for use in damp locations.
3. Size:  Suitable for connected load of equipment, length of cord, and rating of branch circuit

overcurrent protection.

B. Disconnect Switches:  As specified in Section 26 2816.16 and in individual equipment sections.

C. Wiring Devices:  As specified in Section 26 2726.

D. Flexible Conduit:  As specified in Section 26 0533.13.

E. Wire and Cable:  As specified in Section 26 0519.

F. Boxes:  As specified in Section 26 0533.16.

2.2 EQUIPMENT CONNECTIONS

A. VRF UNITS

B. Unit heaters

C. DOAS Unit

D. Kitchen Exhaust Hoods

E. Kitchen Exhaust Fans

F. NO/CO systems

G. Electric Hot Water heaters

H. All electrical systems

I. All mechanical equipment stand-alone control equipment

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that equipment is ready for electrical connection, wiring, and energization.
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3.2 ELECTRICAL CONNECTIONS

A. Make electrical connections in accordance with equipment manufacturer's instructions.

B. Make conduit connections to equipment using flexible conduit.  Use liquidtight flexible conduit with
watertight connectors in damp or wet locations.

C. Connect heat producing equipment using wire and cable with insulation suitable for temperatures
encountered.

D. Provide receptacle outlet to accommodate connection with attachment plug.

E. Provide cord and cap where field-supplied attachment plug is required.

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and equipment
connection boxes.

G. Install disconnect switches, controllers, control stations, and control devices to complete equipment
wiring requirements.

H. Install terminal block jumpers to complete equipment wiring requirements.

I. Install interconnecting conduit and wiring between devices and equipment to complete equipment wiring
requirements.

END OF SECTION
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SECTION 26 0923 - DISTRIBUTED DIGITAL LIGHTING CONTROL SYSTEM

PART 1  GENERAL

1.1 SUMMARY

A. Section Includes:
1. Digital Lighting Controls
2. Related Sections:

a. Section [265100 - Interior Lighting] Luminaires
b. Drawings and general provision of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections apply to this Section
c. Electrical Sections, including wiring devices, apply to the work of this Section.

3. Control Intent – Control Intent includes, but is not limited to:
a. Defaults and initial calibration settings for such items as time delay, sensitivity, fade rates, etc.
b. Initial sensor and switching zones
c. Initial time switch settings

1.2 REFERENCES

A. American National Standards Institute/Institute of Electrical and Electronic Engineers (ANSI/IEEE)
(www.ansi.org <http://www.ansi.org> and www.ieee.org)

B. International Electrotechnical Commission (IEC) (www.iec.ch <http://www.iec.ch>)

C. International Organization for Standardization (ISO) (www.iso.ch <http://www.iso.ch>):

D. National Electrical Manufacturers Association (NEMA) (www.nema.org <http://www.nema.org>)

E. WD1 (R2005) - General Color Requirements for Wiring Devices.

F. Underwriters Laboratories, Inc. (UL) (www.ul.com <http://www.ul.com>):
1. 916 – Energy Management Equipment

1.3 SYSTEM DESCRIPTION & OPERATION

A. The Lighting Control and Automation system as defined under this section covers the following
equipment:
1. Lighting Management local network – Free topology, plug-in wiring system (Cat 5e) for power and

data to room devices.
2. Digital Room Controllers – Self-configuring, digitally addressable one, two or three relay

plenum-rated controllers for on/off control. Selected models include 0-10 volt or line voltage forward
phase control dimming outputs and integral current monitoring capabilities.

3. Digital Fixture Controllers – Self-configuring, digitally addressable one relay fixture-integrated
controllers for on/off/0-10V dimming control.

4. Digital Occupancy Sensors – Self-configuring, digitally addressable, calibrated occupancy sensors
with LCD display and two-way active infrared (IR) communications.

5. Digital Switches – Self-configuring, digitally addressable pushbutton on/off, dimming, and scene
switches with two-way active infrared (IR) communications.
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6. Digital Daylighting Sensors – Single-zone closed loop, multi-zone open loop and single-zone
dual-loop daylighting sensors with two-way active infrared (IR) communications for daylight
harvesting using switching, bi-level, tri-level or dimming control.

7. Configuration Tools – Handheld remote for room configuration and relay panel programming
provides two way infrared (IR) communications to digital devices and allows complete configuration
and reconfiguration of the device / room from up to 30 feet away.

1.4 LIGHTING CONTROL APPLICATIONS

A. Unless relevant provisions of the applicable local energy codes are more stringent, provide a minimum
application of lighting controls as follows:
1. Space Control Requirements – Provide occupancy/vacancy sensors with Manual- or Partial-ON

functionality in all spaces as shown on plan drawings.
2. Daylit Areas – Provide daylight-responsive automatic control in all spaces (conditioned or

unconditioned) where daylight contribution is available as defined by relevant local building energy
code:
a. Daytime setpoints for total ambient illumination (combined daylight and electric light) levels

that initiate dimming shall be programmed in compliance with relevant local building energy
codes.

b. Multiple-level switched daylight harvesting controls may be utilized for areas marked on
drawings.

c. Provide smooth and continuous daylight dimming for areas marked on drawings. Daylighting
control system may be designed to turn off electric lighting when daylight is at or above
required lighting levels, only if system functions to turn lamps back on at dimmed level, rather
than turning full-on prior to dimming.

d. Conference, meeting, training, auditoriums, and multipurpose rooms shall have controls that
allow for independent control of each local control zone. Rooms larger than 300 square feet
shall instead have at least four preset lighting scenes unless otherwise specified. Occupancy /
vacancy sensors shall be provided to turn off all lighting in the space. Spaces with up to four
moveable walls shall include controls that can be reconfigured when the room is partitioned.

1.5 SUBMITTALS

A. Submittals Package:  Submit the shop drawings, and the product data specified below at the same time
as a package.

B. Shop Drawings:
1. Composite wiring and/or schematic diagram of each control circuit as proposed to be installed.
2. Show exact location of all digital devices, including at minimum sensors, load controllers, and

switches for each area on reflected ceiling plans. (Contractor must provide AutoCAD format
reflected ceiling plans.)

3. Provide room/area details including products and sequence of operation for each room or area.
Illustrate typical acceptable room/area connection topologies.

4. Product Data:  Catalog sheets, specifications and installation instructions.
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1.6 QUALITY ASSURANCE

1.7 MANUFACTURER: MINIMUM 10 YEARS EXPERIENCE IN MANUFACTURE OF LIGHTING CONTROLS.

1.8 PROJECT CONDITIONS

A. Do not install equipment until following conditions can be maintained in spaces to receive equipment:
1. Ambient temperature: 0° to 40° C (32° to 104° F).
2. Relative humidity: Maximum 90 percent, non-condensing.

1.9 WARRANTY

A. Provide a five year limited manufacturer’s warranty on all room control devices and panels.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Acceptable Manufacturer:
1. WattStopper

a. System: Digital Lighting Management
2. Or approved equal

2.2 DIGITAL LIGHTING CONTROLS

A. Furnish the Company’s system which accommodates the square-footage coverage requirements for
each area controlled, utilizing room controllers, digital occupancy sensors, switches, daylighting sensors
and accessories which suit the lighting and electrical system parameters.

2.3 LOCAL NETWORK (ROOM NETWORK)

A. The local network is a free topology lighting control physical connection and communication protocol
designed to control a small area of a building.

B. Features of the local network include:
1. Plug n’ Go™ automatic configuration and binding of occupancy sensors, switches and lighting

loads to the most energy-efficient sequence of operation based upon the device attached.
2. Simple replacement of any device in the local network with a standard off the shelf unit without

requiring significant commissioning, configuration or setup.
3. Push n’ Learn™ configuration to change the automatic configuration, including binding and load

parameters without tools, using only the buttons on the digital devices in the local network.
4. Two-way infrared communications for control by handheld remotes, and configuration by a

handheld tool including adjusting load parameters, sensor configuration and binding, within a line of
sight of up to 30 feet from a sensor, wall switch or IR receiver.

5. Digital room devices connect to the local network using pre-terminated Cat 5e cables with RJ-45
connectors, which provide both data and power to room devices. Systems that utilize RJ-45 patch
cords but do not provide serial communication data from individual end devices are not acceptable.
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6. If manufacturer’s pre-terminated Cat5e cables are not used for the installation, the contractor is
responsible for testing each cable following installation and supplying manufacturer with test
results.

2.4 DIGITAL LOAD CONTROLLERS (ROOM AND FIXTURE CONTROLLERS)

A. Digital controllers for lighting loads automatically bind the room loads to the connected devices in the
space without commissioning or the use of any tools. Room load controllers shall be provided to match
the room lighting load control requirements. The controllers will be simple to install, and will not have dip
switches or potentiometers, or require special configuration for standard Plug n’ Go applications. The
control units will include the following features:
1. Automatic room configuration to the most energy-efficient sequence of operation based upon the

devices in the room.
2. Simple replacement – Using the default automatic configuration capabilities, a room controller may

be replaced with an off-the-shelf.
3. Multiple room controllers connected together in a local network must automatically arbitrate with

each other, without requiring any configuration or setup, so that individual load numbers are
sequentially assigned using each controller’s device ID’s from highest to lowest.

4. Device Status LEDs to indicate:
a. Device has power
b. Quick installation features including:

1) Standard junction box mounting
2) Quick low voltage connections using standard RJ-45 patch cable

c. Based on individual configuration, each load shall be capable of the following behavior on
power up following the loss of normal power:
1) Turn on to 100%
2) Turn off
3) Turn on to last level

d. Each load shall at a minimum be configurable to operate in the following sequences based on
occupancy:
1) Auto-on/Auto-off (Follow on and off)
2) Manual-on/Auto-off (Follow off only)

e. The polarity of each load output shall be reversible, via digital configuration, so that on is off
and off is on.

f. UL 2043 plenum rated
g. Manual override and LED indication for each load
h. Dual voltage (120/277 VAC, 60 Hz), or 347 VAC, 60 Hz (selected models only). 120/277 volt

models rated for 20A total load, derating to 16A required for some dimmed loads (forward
phase dimming); 347 volt models rated for 15A total load.

i. Zero cross circuitry for each load
j. All digital parameter data programmed into an individual room controller or plug load controller

shall be retained in non-volatile FLASH memory within the controller itself. Memory shall have
an expected life of no less than 10 years.

5. On/Off Room Controllers shall include:
a. One, two or three relay configuration
b. Efficient 150 mA switching power supply
c. Three RJ-45 local network ports with integral strain relief and dust cover
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6. On/Off/Dimming enhanced Room Controllers shall include:
a. Real time current monitoring
b. Multiple relay configurations

1) One, two or three relays
c. Efficient 250 mA switching power supply
d. Four RJ-45 Lighting Management local network ports with integral strain relief and dust cover
e. One dimming output per relay

1) 0-10V Dimming - Where indicated, one 0-10 volt analog output per relay for control of
compatible ballasts and LED drivers.  The 0-10 volt output shall automatically open upon
loss of power to the Room Controller to assure full light output from the controlled
lighting.

2) Line Voltage, Forward Phase Dimming - Where indicated, one forward phase control line
voltage dimming output per relay for control of compatible two-wire or three-wire ballasts,
LED drivers, MLV, forward phase compatible ELV, neon/cold cathode and incandescent
loads.

3) Each dimming output channel shall have an independently configurable minimum and
maximum calibration trim level to set the dimming range to match the true dynamic
range of the connected ballast or driver.

4) The LED level indicators on bound dimming switches shall utilize this new maximum and
minimum trim.

5) Each dimming output channel shall have an independently configurable minimum and
maximum trim level to set the dynamic range of the output within the new 0-100%
dimming range defined by the minimum and maximum calibration trim.

6) Calibration and trim levels must be set per output channel.
7) Devices that set calibration or trim levels per controller are not acceptable.
8) All configuration shall be digital. Devices that set calibration or trim levels per output

channel via trim pots or dip-switches are not acceptable.
f. Each load shall have an independently configurable preset on level for Normal Hours and

After Hours events to allow different dimmed levels to be established at the start of both
Normal Hours and After Hours events.

g. Fade rates for dimming loads shall be specific to bound switch buttons, and the load shall
maintain a default value for any bound buttons that do not specify a unique value.

h. The following dimming attributes may be changed or selected using a wireless configuration
tool:
1) Establish preset level for each load from 0-100%
2) Set high and low trim for each load
3) Set lamp burn in time for each load up to 100 hours

i. Override button for each load provides the following functions:
1) Press and release for on/off control
2) Press and hold for dimming control

7. Fixture Controllers shall include:
a. A form factor and product ratings to allow various OEM fixture manufacturers to mount the

device inside the ballast/driver cavity of standard-sized fluorescent or LED general lighting
fixtures.

b. One 3A 120/277V rated mechanically held relay.
c. Programmable behavior on power up following the loss of normal power:

1) Turn on to 100%
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2) Turn off
3) Turn on to last level

d. Requirement for 7 mA of 24VDC operating power from the DLM local network.
1) The Fixture Controller does not require a connection to a neutral conductor to operate,

and unlike other types of Load Controllers it does not contribute power to the Lighting
Management local network to drive accessory devices.

e. 0-10V dimming capability via a single 0-10 volt analog output from the device for control of
compatible ballasts and LED drivers.  The 0-10 volt output shall automatically open upon loss
of power to the Fixture Controller.

f. Terminals to connect an RJ-45 adaptor with 24” leads, mountable in a ½” KO, for connection
to the Lighting Management local network.
1) The adaptor leads are insulated  for use in a fixture cavity, and the lead length allows the

OEM fixture manufacturer flexibility to position the Fixture Controller and the RJ45 jack in
the best locations on each fixture.

g. A complete set of dimming features described above in the section detailing On/Off/Dimming
Enhanced Room Controllers (subsection C.5 onward).

2.5 DIGITAL WALL OR CEILING MOUNTED OCCUPANCY SENSOR

A. Wall or ceiling mounted (to suit installation) passive infrared (PIR), ultrasonic or dual technology digital
(passive infrared and ultrasonic) occupancy sensor.

B. Digital Occupancy Sensors shall provide graphic LCD display for digital calibration and electronic
documentation. Features include the following:
1. Digital calibration and pushbutton configuration for the following variables:

a. Sensitivity – 0-100% in 10% increments
b. Time delay – 1-30 minutes in 1 minute increments
c. Test mode – Five second time delay
d. Detection technology – PIR, Ultrasonic or Dual Technology activation and/or re-activation.
e. Walk-through mode
f. Load parameters including Auto/Manual-ON, blink warning, and daylight enable/disable when

photosensors are included in the DLM local network.
g. Programmable control functionality including:

1) Each sensor may be programmed to control specific loads within a local network.
2) Sensor shall be capable of activating one of 16 user-definable lighting scenes.
3) Adjustable retrigger time period for manual-on loads. Load will retrigger (turn on)

automatically within a configurable period of time (default 10 seconds) after turning off.
4) On dual technology sensors, independently configurable trigger modes are available for

both Normal (NH) and After Hours (AH) time periods.  The retrigger mode can be
programmed to use the following technologies:

5) Ultrasonic and Passive Infrared
6) Ultrasonic or Passive Infrared
7) Ultrasonic only
8) Passive Infrared only
9) Independently configurable sensitivity settings for passive infrared and ultrasonic

technologies (on dual technology sensors) for both Normal (NH) and After Hour (AH)
time periods.
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h. One or two RJ-45 port(s) for connection to Lighting Management local network.
i. Two-way infrared (IR) transceiver to allow remote programming through handheld

commissioning tool and control by remote personal controls.
j. Device Status LEDs, which may be disabled for selected applications, including:

1) PIR detection
2) Ultrasonic detection
3) Configuration mode
4) Load binding

k. Assignment of occupancy sensor to a specific load within the room without wiring or special
tools.

l. Manual override of controlled loads.
m. All digital parameter data programmed into an individual occupancy sensor shall be retained in

non-volatile FLASH memory within the sensor itself. Memory shall have an expected life of no
less than 10 years.

2. Units shall not have any dip switches or potentiometers for field settings.
3. Multiple occupancy sensors may be installed in a room by simply connecting them to the free

topology lighting management local network.  No additional configuration will be required.

2.6 DIGITAL WALL SWITCH OCCUPANCY SENSORS

A. Wallbox mounted passive infrared PIR or dual technology (passive infrared and ultrasonic) digital
occupancy sensor with 1 or 2 switch buttons.

B. Digital Occupancy Sensors shall provide scrolling LCD display for digital calibration and electronic
documentation. Features include the following:
1. Digital calibration and pushbutton configuration for the following variables:

a. Sensitivity – 0-100% in 10% increments
b. Time delay – 1-30 minutes in 1 minute increments
c. Test mode – Five second time delay
d. Detection technology – PIR, Dual Technology activation and/or re-activation.
e. Walk-through mode
f. Load parameters including Auto/Manual-ON, blink warning, and daylight enable/disable when

photosensors are included in the DLM local network.
g. Programmable control functionality including:

1) Each sensor may be programmed to control specific loads within a local network.
2) Sensor shall be capable of activating one of 16 user-definable lighting scenes.
3) Adjustable retrigger time period for manual-on loads.  Load will retrigger (turn on)

automatically during the configurable period of time (default 10 seconds) after turning off.
4) On dual technology sensors, independently configurable trigger modes are available for

both Normal (NH) and After Hours (AH) time periods. The retrigger mode can be
programmed to use the following technologies:
(a) Ultrasonic and Passive Infrared
(b) Ultrasonic or Passive Infrared
(c) Ultrasonic only
(d) Passive Infrared only

h. Independently configurable sensitivity settings for passive infrared and ultrasonic technologies
(on dual technology sensors) for both Normal (NH) and After Hour (AH) time periods.
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i. Two RJ-45 ports for connection to Lighting Management local network.
j. Two-way infrared (IR) transceiver to allow remote programming through handheld

configuration tool and control by remote personal controls.
k. Device Status LEDs including

1) PIR detection
2) Ultrasonic detection
3) Configuration mode
4) Load binding

l. Assignment of any occupancy sensor to a specific load within the room without wiring or
special tools.

m. Assignment of local buttons to specific loads within the room without wiring or special tools
n. Manual override of controlled loads
o. All digital parameter data programmed into an individual wall switch sensor shall be retained in

non-volatile FLASH memory within the wall switch sensor itself. Memory shall have an
expected life of no less than 10 years.

2. Units shall not have any dip switches or potentiometers for field settings.
3. Multiple occupancy sensors may be installed in a room by simply connecting them to the free

topology lightning management local network.  No additional configuration will be required.
4. Two-button wall switch occupancy sensors, when connected to a single relay dimming room or

fixture controller, shall operate in the following sequence as a factory default:
a. Left button

1) Press and release - Turn load on
2) Press and hold - Raise dimming load

b. Right button
1) Press and release - Turn load off
2) Press and hold - Lower dimming load

5. Low voltage momentary pushbuttons shall include the following features:
a. Load/Scene Status LED on each switch button with the following characteristics:

1) Bi-level LED
2) Dim locator level indicates power to switch
3) Bright status level indicates that load or scene is active

b. The following button attributes may be changed or selected using a wireless configuration tool:
1) Load and Scene button function may be reconfigured for individual buttons (from Load to

Scene, and vice versa).
2) Individual button function may be configured to Toggle, On only or Off only.
3) Individual scenes may be locked to prevent unauthorized change.
4) Fade Up and Fade Down times for individual scenes may be adjusted from 0 seconds to

18 hours.
5) Ramp rate may be adjusted for each dimmer switch.
6) Switch buttons may be bound to any load on any load controller or relay panel and are

not load type dependent; each button may be bound to multiple loads.

2.7 DIGITAL WALL SWITCHES

A. Low voltage momentary pushbutton switches in 1, 2, 3, 4, 5 and 8 button configuration. Wall switches
shall include the following features:
1. Two-way infrared (IR) transceiver for use with personal and configuration remote controls.
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2. Removable buttons for field replacement with engraved buttons and/or alternate color buttons.
Button replacement may be completed without removing the switch from the wall.

3. Configuration LED on each switch that blinks to indicate data transmission.
4. Load/Scene Status LED on each switch button with the following characteristics:

a. Bi-level LED
b. Dim locator level indicates power to switch
c. Bright status level indicates that load or scene is active
d. Dimming switches shall include seven bi-level LEDs to indicate load levels using 14 steps.
e. Programmable control functionality including:

1) Button priority may be configured to any BACnet priority level, from 1-16, corresponding
to networked operation allowing local actions to utilize life safety priority

2) Scene patterns may be saved to any button other than dimming rockers. Once set,
buttons may be digitally locked to prevent overwriting of the preset levels.

f. All digital parameter data programmed into an individual wall switch shall be retained in
non-volatile FLASH memory within the wall switch itself. Memory shall have an expected life of
no less than 10 years.

5. Two RJ-45 ports for connection to Lighting Management local network.
6. Multiple digital wall switches may be installed in a room by simply connecting them to the free

topology lighting management local network.  No additional configuration shall be required to
achieve multi-way switching.

7. The following switch attributes may be changed or selected using a wireless configuration tool:
8. Load and Scene button function may be reconfigured for individual buttons (from Load to Scene,

and vice versa).
a. Individual button function may be configured to Toggle, On only or Off only.
b. Individual scenes may be locked to prevent unauthorized change.
c. Fade Up and Fade Down times for individual scenes may be adjusted from 0 seconds to 18

hours.
d. Ramp rate may be adjusted for each dimmer switch.
e. Switch buttons may be bound to any load on any load controller or relay panel and are not

load type dependant; each button may be bound to multiple loads.

2.8 DIGITAL DAYLIGHTING SENSORS

A. Digital daylighting sensors shall work with load controllers and relay panels to provide automatic
switching, bi-level, or tri-level or dimming daylight harvesting capabilities for any load type connected to
the controller or panel. Daylighting sensors shall be interchangeable without the need for rewiring.
1. Closed loop sensors measure the ambient light in the space and control a single lighting zone.
2. Open loop sensors measure incoming daylight in the space, and are capable of controlling up to

three lighting zones.
3. Dual loop sensors measure both ambient and incoming daylight in the space to insure that proper

light levels are maintained as changes to reflective materials are made in a single zone.
4. Digital daylighting sensors shall include the following features:

a. The sensor’s internal photodiode shall only measure lightwaves within the visible spectrum. 
The photodiode’s spectral response curve shall closely match the entire photopic curve. The
photodiode shall not measure energy in either the ultraviolet or infrared spectrums. The
photocell shall have a sensitivity of less than 5% for any wavelengths less than 400
nanometers or greater than 700 nanometers.
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b. Sensor light level range shall be from 1-6,553 footcandles (fc).
c. The capability of ON/OFF, bi-level or tri-level switching, or dimming, for each controlled zone,

depending on the selection of load controller(s) and load binding to controller(s).
d. For switching daylight harvesting, the photosensor shall provide a field-selectable deadband,

or a separation, between the “ON Setpoint” and the “OFF Setpoint” that will prevent the lights
from cycling excessively after they turn off.

e. For dimming daylight harvesting, the photosensor shall provide the option, when the daylight
contribution is sufficient, of turning lights off or dimming lights to a field-selectable minimum
level.

f. Photosensors shall have a digital, independently configurable fade rate for both increasing
and decreasing light level in units of percent per second.

g. Photosensors shall provide adjustable cut-off time.  Cut-off time is defined by the number of
selected minutes the load is at the minimum output before the load turns off.  Selectable range
between 0-240 minutes including option to never cut-off.

h. Optional wall switch override shall allow occupants to reduce lighting level to increase energy
savings or, if permitted by system administrator, raise lighting levels for a selectable period of
time or cycle of occupancy.

i. Integral infrared (IR) transceiver for configuration and/or commissioning with a handheld
configuration tool, to transmit detected light level to wireless configuration tool, and for
communication with personal remote controls.

j. Configuration LED status light on device that blinks to indicate data transmission.
k. Status LED indicates test mode, override mode and load binding.
l. Recessed switch on device to turn controlled load(s) ON and OFF.
m. One RJ-45 port for connection to DLM local network.
n. A choice of accessories to accommodate multiple mounting methods and building materials.

The photosensors may be mounted on a ceiling tile, skylight light well, suspended lighting
fixture or backbox. Standard tube photosensors accommodate mounting materials from
0-0.62” thickness. Extended tube photosensors accommodate mounting materials from
0.62”-1.25” thickness. Mounting brackets are compatible with J boxes and wall mounting.
Photosensor to be mounted on included bracket below skylight well.

o. Any load or group of loads in the room can be assigned to a daylighting zone
p. Each load within a daylighting zone can be individually enabled or disabled for discrete control

(load independence).
q. All digital parameter data programmed into a photosensor shall be retained in non-volatile

FLASH memory within the photosensor itself. Memory shall have an expected life of no less
than 10 years.

5. Closed loop digital photosensors shall include the following additional features:
a. An internal photodiode that measures light in a 100-degree angle, cutting off the unwanted

light from bright sources outside of this cone.
b. Automatic self-calibration, initiated from the photosensor, a wireless configuration tool or a PC

with appropriate software.
c. Automatically establishes application-specific setpoints following self-calibration. For switching

operation, an adequate deadband between the ON and OFF setpoints shall prevent the lights
from cycling; for dimming operation a sliding setpoint control algorithm with separate Day and
Night setpoints shall prevent abrupt ramping of loads.

6. Open loop digital photosensors shall include the following additional features:
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a. An internal photodiode that measures light in a 60-degree angle (cutting off the unwanted light
from the interior of the room).

b. Automatically establishes application-specific setpoints following manual calibration using a
wireless configuration tool or a PC with appropriate software. For switching operation, an
adequate deadband between the ON and OFF setpoints for each zone shall prevent the lights
from cycling; for dimming operation, a proportional control algorithm shall maintain the design
lighting level in each zone.

c. Each of the three discrete daylight zones can include any non overlapping group of loads in
the room.

2.9 HANDHELD AND COMPUTER CONFIGURATION TOOLS

A. A wireless configuration tool facilitates optional customization of lighting management local networks
using two-way infrared communications, while PC software connects to each local network via a USB
interface.

B. Features and functionality of the wireless configuration tool shall include but not be limited to:
1. Two-way infrared (IR) communication with lighting management IR-enabled devices within a range

of approximately 30 feet.
2. High visibility organic LED (OLED) display, pushbutton user interface and menu-driven operation.
3. Must be able to read and modify parameters for load controllers and relay panels, occupancy

sensors, wall switches, daylighting sensors, network bridges, and identify Lighting Management
devices by type and serial number.

4. Save up to eight occupancy sensor setting profiles, and apply profiles to selected sensors.
5. Temporarily adjust light level of any load(s) on the local network, and incorporate those levels in

scene setting. Set room mode for testing of Normal Hours (NH) and After Hours (AH) parameter
settings.

6. Adjust or fine-tune daylighting settings established during auto-configuration, and input light level
data to complete configuration of open loop daylighting controls.

7. Set room mode for testing of Normal Hours (NH) and After Hours (AH) parameter settings.
8. Verify status of building level network devices.

2.10 PROGRAMMING, CONFIGURATION AND DOCUMENTATION SOFTWARE

A. PC-native application for optional programming of detailed technician-level parameter information for all
Lighting Management products, including all parameters not accessible via BACnet and the handled IR
configuration tool. Software must be capable of accessing room-level parameter information locally within
the room when connected via the optional USB programming adapter, or globally for many segment
networks simultaneously utilizing standard BACnet/IP communication.

B. Additional parameters exposed through this method include but are not limited to:
1. Occupancy sensor detection LED disable for performance and other aesthetic spaces where

blinking LEDs present a distraction.
2. Six occupancy sensor action behaviors for each controlled load, separately configurable for normal

hours and after hours modes. Modes include: No Action, Follow Off Only, Follow On Only, Follow
On and Off, Follow On Only with Override Time Delay, Follow Off Only with Blink Warn Grace
Time, Follow On and Off with Blink Warn Grace Time.

3. Separate fade time adjustments per load for both normal and after hours from 0 - 4 hours.
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4. Configurable occupancy sensor re-trigger grace period from 0 - 4 minutes separate for both normal
hours and after hours.

5. Separate normal hours and after hours per-load button mode with modes including: Do nothing, on
only, off only, on and off.

6. Load control polarity reversal so that on events turn loads off and vice versa.
7. Per-load DR (demand response) shed level in units of percent.
8. Load output pulse mode in increments of 1second.
9. Fade trip point for each load for normal hours and after hours that establishes the dimmer

command level at which a switched load closes its relay to allow for staggered On of switched
loads in response to a dimmer.

10. Generation of reports at the whole file, partial file, or room level. Reports include but are not limited
to:
a. Device list report: All devices in a project listed by type.
b. Load binding report: All load controller bindings showing interaction with sensors, switches,

and daylighting.
c. Room summary report: Device manifest for each room, aggregated by common BOM,

showing basic sequence of operations.
d. Device parameter report: Per-room lists of all configured parameters accessible via hand held

IR programmer for use with O&M documentation.
e. Scene report: All project scene pattern values not left at defaults (i.e. 1 = all loads 100%, 2 =

all loads 75%, 3 = all loads 50%, 4 = all loads 25%, 5-16 = same as scene 1).
f. Occupancy sensor report: Basic settings including time delay and sensitivity(ies) for all

occupancy sensors.

PART 3  EXECUTION

3.1 PRE-INSTALLATION MEETING

A. A factory authorized manufacturer’s representative shall provide the electrical contractor a functional
overview of the lighting control system prior to installation. The contractor shall schedule the
pre-installation site visit after receipt of approved submittals to review the following:
1. Confirm the location and mounting of all digital devices, with special attention to placement of

occupancy and daylighting sensors.
2. Review the specifications for low voltage control wiring and termination.
3. Discuss the functionality and configuration of all products, including sequences of operation, per

design requirements.
4. Discuss requirements for integration with other trades.

3.2 CONTRACTOR INSTALLATION AND SERVICES

A. Contractor to install all devices and wiring in a professional manner. All line voltage connections to be
tagged to indicate circuit and switched legs.

B. Contractor to install all room/area devices using manufacturer’s factory-tested Cat 5e cable with
pre-terminated RJ-45 connectors. If pre-terminated cable is not used for room/area wiring, the contractor
is responsible for testing each field-terminated cable following installation, and shall supply the lighting
controls manufactuerer with test results.
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C. Install the work of this Section in accordance with manufacturer’s printed instructions unless otherwise
indicated. Before start up, contractor shall test all devices to ensure proper communication.

D. Calibrate all sensor time delays and sensitivity to guarantee proper detection of occupants and energy
savings.
1. Adjust time delay so that controlled area remains lighted while occupied.
2. Provide written or computer-generated documentation on the configuration of the system including

room by room description including:
a. Sensor parameters, time delays, sensitivities, and daylighting setpoints.
b. Sequence of operation, (e.g. manual ON, Auto OFF. etc.)
c. Load Parameters (e.g. blink warning, etc.)

3. Post start-up tuning – After 30 days from occupancy contractor shall adjust sensor time delays and
sensitivities to meet the Owner’s requirements. Provide a detailed report to the Architect / Owner of
post start-up activity.

3.3 FACTORY SERVICES

A. Upon completion of the installation, the manufacturer's factory authorized representative shall start up
and verify a complete fully functional system.

B. Upon completion of the system start up, the factory-authorized technician shall provide the proper
training to the owner's personnel on the adjustment and maintenance of the system.

END OF SECTION
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SECTION 26 2100 - LOW-VOLTAGE ELECTRICAL SERVICE ENTRANCE

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Electrical service requirements.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete:  Materials and installation requirements for cast-in-place
concrete equipment pads.

B. Section 26 0519 - Low-Voltage Electrical Power Conductors and Cables.

C. Section 26 0526 - Grounding and Bonding for Electrical Systems.

D. Section 26 0529 - Hangers and Supports for Electrical Systems.

E. Section 26 0533.13 - Conduit for Electrical Systems.

F. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

G. Section 26 2416 - Panelboards:  Service entrance equipment.

H. Section 26 2816.16 - Enclosed Switches:  Service entrance equipment.

I. Section 26 3213 - Engine Generators:  Emergency/standby power systems for interconnection with
normal utility electrical supply.

J. Section 26 3600 - Transfer Switches:  Service entrance equipment.

K. Section 26 4300 - Surge Protective Devices:  Service entrance surge protective devices.

L. Section 31 2316.13 - Trenching:  Excavating, bedding, and backfilling.

1.3 DEFINITIONS

A. Service Point:  The point of connection between the facilities of the serving utility and the premises wiring
as defined in NFPA 70, and as designated by the Utility Company.

1.4 REFERENCE STANDARDS

A. IEEE C2 - National Electrical Safety Code; 2017.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.
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1.5 ADMINISTRATIVE REQUIREMENTS

A. No later than two weeks following date of the Agreement, notify Utility Company of anticipated date of
service.

B. Coordination:
1. Verify the following with Utility Company representative:

a. Utility Company requirements, including division of responsibility.
b. Exact location and details of utility point of connection.
c. Utility easement requirements.
d. Utility Company charges associated with providing service.

2. Coordinate the work with other trades to avoid placement of other utilities or obstructions within the
spaces dedicated for electrical service and associated equipment.

3. Coordinate arrangement of service entrance equipment with the dimensions and clearance
requirements of the actual equipment to be installed.

4. Coordinate the work with other installers to provide communication lines required for Utility
Company meters.

5. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

C. Arrange for Utility Company to provide temporary and permanent electrical service.  Prepare and submit
documentation required by Utility Company.

D. Utility Company charges associated with providing temporary and permanent service to be paid by
Contractor..

E. Preinstallation Meeting:  Convene one month prior to commencing work of this section to review service
requirements and details with Utility Company representative.

F. Scheduling:
1. Where work of this section involves interruption of existing electrical service, arrange service

interruption with Owner.
2. Arrange for inspections necessary to obtain Utility Company approval of installation.

1.6 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each product. Include
ratings, configurations, standard wiring diagrams, outline and support point dimensions, finishes, weights,
service condition requirements, and installed features.

C. Shop Drawings: Include dimensioned plan views and sections indicating locations and arrangement of
Utility Company and service entrance equipment, metering provisions, required clearances, and
proposed service routing.
1. Obtain Utility company approval of shop drawings prior to submittal.

D. Drawings prepared by Utility Company.
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E. Project Record Documents:  Record actual locations of equipment and installed service routing.

1.7 QUALITY ASSURANCE

A. Comply with the following:
1. IEEE C2 (National Electrical Safety Code).
2. NFPA 70 (National Electrical Code).
3. The requirements of the Utility Company.
4. The requirements of the local authorities having jurisdiction.

B. Products:  Listed, classified, and labeled as suitable for the purpose intended.

1.8 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store products in accordance with manufacturer's instructions.

B. Store products indoors in a clean, dry space having a uniform temperature to prevent condensation
(including outdoor rated products which are not weatherproof until completely and properly installed). 
Maintain factory wrapping or provide an additional heavy canvas or heavy plastic cover to protect units
from dirt, water, construction debris, and traffic.

C. Handle products carefully to avoid damage to internal components, enclosure, and finish.

PART 2  PRODUCTS

2.1 ELECTRICAL SERVICE REQUIREMENTS

A. Provide new electrical service consisting of all required conduits, conductors, equipment, metering
provisions, supports, accessories, etc. as necessary for connection between Utility Company point of
supply and service entrance equipment.

B. Electrical Service Characteristics:  As indicated on drawings.

C. Utility Company:  MET-ED.

D. Division of Responsibility:  As indicated on drawings.

E. Products Furnished by Contractor:  Comply with Utility Company requirements.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that ratings and configurations of service entrance equipment are consistent with the indicated
requirements.

C. Verify that conditions are satisfactory for installation prior to starting work.
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3.2 PREPARATION

A. Verify and mark locations of existing underground utilities.

3.3 INSTALLATION

A. Install products in accordance with manufacturer's instructions and Utility Company requirements.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Arrange equipment to provide minimum clearances and required maintenance access.

D. Provide required trenching and backfilling in accordance with Section 31 2316.13.

E. Construct cast-in-place concrete pads for utility equipment in accordance with Utility Company
requirements and Section 03 3000.

F. Provide required support and attachment components in accordance with Section 26 0529.

G. Provide grounding and bonding for service entrance equipment in accordance with Section 26 0526.

H. Identify service entrance equipment, including main service disconnect(s) in accordance with Section 26
0553.

3.4 PROTECTION

A. Protect installed equipment from subsequent construction operations.

END OF SECTION
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SECTION 26 2416 - PANELBOARDS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Power distribution panelboards.

B. Lighting and appliance panelboards.

C. Overcurrent protective devices for panelboards.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete:  Concrete equipment pads.

B. Section 26 0526 - Grounding and Bonding for Electrical Systems.

C. Section 26 0529 - Hangers and Supports for Electrical Systems.

D. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.
1. Includes requirements for the seismic qualification of equipment specified in this section.

E. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

F. Section 26 2813 - Fuses:  Fuses for fusible switches and spare fuse cabinets.

1.3 REFERENCE STANDARDS

A. FS W-C-375 - Circuit Breakers, Molded Case; Branch Circuit and Service; 2013e (Amended 2017).

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NECA 407 - Standard for Installing and Maintaining Panelboards; 2015.

D. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2018.

E. NEMA PB 1 - Panelboards; 2011.

F. NEMA PB 1.1 - General Instructions for Proper Installation, Operation and Maintenance of Panelboards
Rated 600 Volts or Less; 2013.

G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

I. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current Edition,
Including All Revisions.
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J. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, Including
All Revisions.

K. UL 67 - Panelboards; Current Edition, Including All Revisions.

L. UL 489 - Molded-Case Circuit Breakers, Molded-Case Switches and Circuit Breaker Enclosures; Current
Edition, Including All Revisions.

M. UL 869A - Reference Standard for Service Equipment; Current Edition, Including All Revisions.

N. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

O. UL 1053 - Ground-Fault Sensing and Relaying Equipment; Current Edition, Including All Revisions.

P. UL 1699 - Arc-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, or other

potential obstructions within the dedicated equipment spaces and working clearances for electrical
equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the conductors to be
installed.

4. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for panelboards,
enclosures, overcurrent protective devices, and other installed components and accessories.

C. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity, overcurrent
protective device arrangement and sizes, short circuit current ratings, conduit entry locations, conductor
terminal information, and installed features and accessories.
1. Clearly indicate whether proposed short circuit current ratings are fully rated or, where acceptable,

series rated systems.
2. Include documentation of listed series ratings upon request.
3. Identify mounting conditions required for equipment seismic qualification.

D. Manufacturer's equipment seismic qualification certification.

E. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use stipulated
by product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.
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1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, inspect, handle, and store panelboards in accordance with manufacturer's instructions and
NECA 407.

B. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy
plastic cover to protect units from dirt, water, construction debris, and traffic.

C. Handle carefully in accordance with manufacturer's written instructions to avoid damage to panelboard
internal components, enclosure, and finish.

1.8 FIELD CONDITIONS

A. Maintain ambient temperature within the following limits during and after installation of panelboards:
1. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Eaton Corporation; ______:  www.eaton.com/#sle.

B. Schneider Electric; Square D Products; ______:  www.schneider-electric.us/#sle.

C. Substitutions:  See Section 01 6000 - Product Requirements.

D. Source Limitations:  Furnish panelboards and associated components produced by the same
manufacturer as the other electrical distribution equipment used for this project and obtained from a
single supplier.

2.2 PANELBOARDS - GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Seismic Qualification:  Provide panelboards and associated components suitable for application under
the seismic design criteria specified in Section 26 0548 where required. Include certification of
compliance with submittals.

C. Unless otherwise indicated, provide products suitable for continuous operation under the following
service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature:
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a. Panelboards Containing Circuit Breakers:  Between 23 degrees F and 104 degrees F.

D. Short Circuit Current Rating:
1. Provide panelboards with listed short circuit current rating not less than the available fault current at

the installed location as indicated on the drawings.
2. Listed series ratings are acceptable, except where not permitted by motor contribution according to

NFPA 70.
3. Label equipment utilizing series ratings as required by NFPA 70.

E. Panelboards Used for Service Entrance:  Listed and labeled as suitable for use as service equipment
according to UL 869A.

F. Mains:  Configure for top or bottom incoming feed as indicated or as required for the installation.

G. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices.

H. Bussing:  Sized in accordance with UL 67 temperature rise requirements.
1. Provide fully rated neutral bus unless otherwise indicated, with a suitable lug for each feeder or

branch circuit requiring a neutral connection.
2. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for each

feeder and branch circuit equipment grounding conductor.

I. Conductor Terminations:  Suitable for use with the conductors to be installed.

J. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following

installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.

2. Boxes:  Galvanized steel unless otherwise indicated.
a. Provide wiring gutters sized to accommodate the conductors to be installed.
b. Provide painted steel boxes for surface-mounted panelboards where indicated, finish to match

fronts.
3. Fronts:

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes.
b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough opening.
c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless otherwise indicated.

4. Lockable Doors:  All locks keyed alike unless otherwise indicated.

K. Future Provisions:  Prepare all unused spaces for future installation of devices including bussing,
connectors, mounting hardware and all other required provisions.

L. Ground Fault Protection:  Where ground-fault protection is indicated, provide system listed and labeled
as complying with UL 1053.
1. Where electronic circuit breakers equipped with integral ground fault protection are used, provide

separate neutral current sensor where applicable.
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M. Selectivity:  Where the requirement for selectivity is indicated, furnish products as required to achieve
selective coordination.

N. Load centers are not acceptable.

2.3 OVERCURRENT PROTECTIVE DEVICES

A. Molded Case Circuit Breakers:
1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit breakers

listed and labeled as complying with UL 489, and complying with FS W-C-375 where applicable;
ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:
a. Provide circuit breakers with interrupting capacity as required to provide the short circuit

current rating indicated.
b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than the

short circuit current rating indicated.
c. Series Rated Systems:  Provide circuit breakers listed in combination with upstream devices

to provide interrupting rating not less than the short circuit current rating indicated.
3. Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping element for
overload protection and magnetic instantaneous tripping element for short circuit protection.
a. Provide field-adjustable magnetic instantaneous trip setting for circuit breaker frame sizes 225

amperes and larger.
b. Provide interchangeable trip units where indicated.

5. Electronic Trip Circuit Breakers:  Furnish solid state, microprocessor-based, true rms sensing trip
units.
a. Provide the following field-adjustable trip response settings:

1) Long time pickup, adjustable by replacing interchangeable trip unit or by setting dial.
2) Long time delay.
3) Short time pickup and delay.
4) Instantaneous pickup.

6. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
7. Provide the following circuit breaker types where indicated:

a. Ground Fault Circuit Interrupter (GFCI) Circuit Breakers:  Listed as complying with UL 943,
class A for protection of personnel.

b. Ground Fault Equipment Protection Circuit Breakers:  Designed to trip at 30 mA for protection
of equipment.

c. Arc-Fault Circuit Interrupter (AFCI) Circuit Breakers:  Combination type listed as complying
with UL 1699.

d. 100 Percent Rated Circuit Breakers:  Listed for application within the panelboard where
installed at 100 percent of the continuous current rating.

8. Do not use tandem circuit breakers.
9. Do not use handle ties in lieu of multi-pole circuit breakers.
10. Provide multi-pole circuit breakers for multi-wire branch circuits as required by NFPA 70.
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11. Provide the following features and accessories where indicated or where required to complete
installation:
a. Shunt Trip:  Provide coil voltage as required for connection to indicated trip actuator.
b. Handle Pad-Lock Provision:  For locking circuit breaker handle in OFF position.

2.4 SOURCE QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Factory test panelboards according to NEMA PB 1.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings and configurations of the panelboards and associated components are consistent
with the indicated requirements.

C. Verify that mounting surfaces are ready to receive panelboards.

D. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1.

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and
NFPA 70.

E. Provide required support and attachment in accordance with Section 26 0529.

F. Provide required seismic controls in accordance with Section 26 0548.

G. Install panelboards plumb.

H. Install flush-mounted panelboards so that trims fit completely flush to wall with no gaps and rough
opening completely covered.

I. Mount panelboards such that the highest position of any operating handle for circuit breakers or switches
does not exceed 79 inches above the floor or working platform.

J. Mount floor-mounted power distribution panelboards on properly sized 3 inch high concrete pad
constructed in accordance with Section 03 3000.

K. Provide grounding and bonding in accordance with Section 26 0526.
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L. Install all field-installed branch devices, components, and accessories.

M. Where accessories are not self-powered, provide control power source as indicated or as required to
complete installation.

N. Multi-Wire Branch Circuits:  Group grounded and ungrounded conductors together in the panelboard as
required by NFPA 70.

O. Set field-adjustable ground fault protection pickup and time delay settings as indicated.

P. Install panelboards in accordance with NEMA PB 1.1 and NECA 1.

Q. Install panelboards plumb.  Install recessed panelboards flush with wall finishes.

R. Height:  6 feet to top of panelboard; install panelboards taller than 6 feet with bottom no more than 4
inches above floor.

S. Provide filler plates to cover unused spaces in panelboards.

T. Provide circuit breaker lock-on devices to prevent unauthorized personnel from de-energizing essential
loads where indicated. Also provide for the following:
1. Fire detection and alarm circuits.
2. Communications equipment circuits.
3. Intrusion detection and access control system circuits.
4. Video surveillance system circuits.

U. Identify panelboards in accordance with Section 26 0553.

V. Provide computer-generated circuit directory for each lighting and appliance panelboard and each power
distribution panelboard provided with a door, clearly and specifically indicating the loads served. Identify
spares and spaces.

W. Provide identification nameplate for each panelboard in accordance with Section 26 0553.

X. Provide arc flash warning labels in accordance with NFPA 70.

Y. Provide spare conduits out of each recessed panelboard to an accessible location above ceiling.  Identify
each as SPARE.

Z. Ground and bond panelboard enclosure according to Section 26 0526.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Perform field inspection and testing in accordance with Section 01 4000.

C. Inspect and test in accordance with NETA ATS, except Section 4.
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D. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section 7.6.1.1 for all
main circuit breakers and circuit breakers larger than 225 amperes. Tests listed as optional are not
required.

E. Test GFCI circuit breakers to verify proper operation.

F. Test AFCI circuit breakers to verify proper operation.

G. Test shunt trips to verify proper operation.

H. Correct deficiencies and replace damaged or defective panelboards or associated components.

I. Perform inspections and tests listed in NETA STD ATS, Section 7.5 for switches, Section 7.6 for circuit
breakers.

3.4 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque
settings.

B. Adjust alignment of panelboard fronts.

C. Load Balancing:  For each panelboard, rearrange circuits such that the difference between each
measured steady state phase load does not exceed 20 percent and adjust circuit directories accordingly. 
Maintain proper phasing for multi-wire branch circuits.

3.5 CLEANING

A. Clean dirt and debris from panelboard enclosures and components according to manufacturer's
instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION
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SECTION 26 2726 - WIRING DEVICES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Wall switches.

B. Receptacles.

C. Wall plates.

1.2 RELATED REQUIREMENTS

A. Section 26 0533.16 - Boxes for Electrical Systems.

B. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

1.3 REFERENCE STANDARDS

A. FS W-C-596 - Connector, Electrical, Power, General Specification for; 2017h.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NECA 130 - Standard for Installing and Maintaining Wiring Devices; 2010.

D. NEMA WD 1 - General Color Requirements for Wiring Devices; 1999 (Reaffirmed 2015).

E. NEMA WD 6 - Wiring Devices - Dimensional Specifications; 2016.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

G. UL 498 - Attachment Plugs and Receptacles; Current Edition, Including All Revisions.

H. UL 514D - Cover Plates for Flush-Mounted Wiring Devices; Current Edition, Including All Revisions.

I. UL 943 - Ground-Fault Circuit-Interrupters; Current Edition, Including All Revisions.

J. UL 1310 - Class 2 Power Units; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the placement of outlet boxes with millwork, furniture, equipment, etc. installed under

other sections or by others.
2. Coordinate wiring device ratings and configurations with the electrical requirements of actual

equipment to be installed.
3. Coordinate the placement of outlet boxes for wall switches with actual installed door swings.
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4. Coordinate the installation and preparation of uneven surfaces, such as split face block, to provide
suitable surface for installation of wiring devices.

5. Notify DEDC, LLC of any conflicts or deviations from Contract Documents to obtain direction prior to
proceeding with work.

B. Sequencing:
1. Do not install wiring devices until final surface finishes and painting are complete.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's catalog information showing dimensions, colors, and
configurations.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Products:  Listed, classified, and labeled as suitable for the purpose intended.

1.7 DELIVERY, STORAGE, AND PROTECTION

A. Store in a clean, dry space in original manufacturer's packaging until ready for installation.

B. Products:  Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the
purpose specified and indicated.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Arrow-Hart, a brand of Cooper Wiring Devices:  www.cooperindustries.com

B. Leviton Manufacturing, Inc:  www.leviton.com.

C. P & S.

D. Bryant

E. Hubbell

2.2 WIRING DEVICE APPLICATIONS

A. Provide wiring devices suitable for intended use and with ratings adequate for load served.

B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere rating not
less than that of the branch circuit.

C. Provide weather resistant GFCI receptacles with specified weatherproof covers for receptacles installed
outdoors or in damp or wet locations.
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D. Provide tamper resistant receptacles for receptacles installed in dwelling units.

E. Provide GFCI protection for receptacles installed within 6 feet of sinks.

F. Provide GFCI protection for receptacles installed in kitchens.

G. Provide GFCI protection for receptacles serving electric drinking fountains.

H. Unless noted otherwise, do not use combination switch/receptacle devices.

I. For flush floor service fittings, use tile rings for installations in tile floors.

J. For flush floor service fittings, use carpet flanges for installations in carpeted floors.

2.3 WIRING DEVICE FINISHES

A. Provide wiring device finishes as described below unless otherwise indicated.

B. Wiring Devices, Unless Otherwise Indicated:  Gray with stainless steel wall plate.

C. Wiring Devices Installed in Wet or Damp Locations:  Gray with specified weatherproof cover.

D. Wiring Devices Connected to Emergency Power:  Red with red metal faceplate.

2.4 ALL WIRING DEVICES

A. Provide products listed and classified by Underwriters Laboratories Inc. as suitable for the purpose
specified and indicated.

B. Finishes: As coordinated with architect.

2.5 WALL SWITCHES

A. Wall Switches:  Extra Heavy Duty Industrial Series, AC only general-use snap switch, complying with
NEMA WD 6 and WD 1.
1. Body and Handle:  Gray plastic with toggle handle.
2. Ratings:

a. Voltage:  120 volts, AC.
b. Current:  20 amperes.

B. Switch Types:  Single pole, 3-way, and 4-way.

2.6 RECEPTACLES

A. Manufacturers:
1. Hubbell Incorporated; ______:  www.hubbell.com/#sle.
2. Leviton Manufacturing Company, Inc; ______:  www.leviton.com/#sle.
3. Lutron Electronics Company, Inc; Designer Style:  www.lutron.com/#sle.
4. Pass & Seymour, a brand of Legrand North America, Inc; ______:  www.legrand.us/#sle.
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5. Substitutions:  See Section 01 6000 - Product Requirements.

B. Receptacles - General Requirements:  Self-grounding, complying with NEMA WD 1 and NEMA WD 6,
and listed as complying with UL 498, and where applicable, FS W-C-596; types as indicated on the
drawings.
1. Wiring Provisions:  Terminal screws for side wiring or screw actuated binding clamp for back wiring

with separate ground terminal screw.
2. NEMA configurations specified are according to NEMA WD 6.

C. Convenience Receptacles:
1. Standard Convenience Receptacles:  Industrial specification grade, 20A, 125V, NEMA 5-20R;

single or duplex as indicated on the drawings.

D. GFCI Receptacles:
1. GFCI Receptacles - General Requirements:  Self-testing, with feed-through protection and light to

indicate ground fault tripped condition and loss of protection; listed as complying with UL 943, class
A.
a. Provide test and reset buttons of same color as device.

2. Standard GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA 5-20R,
rectangular decorator style.

3. Weather Resistant GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA
5-20R, rectangular decorator style, listed and labeled as weather resistant type complying with UL
498 Supplement SE suitable for installation in damp or wet locations.

E. USB Charging Devices:
1. USB Charging Devices - General Requirements:  Listed as complying with UL 1310.

a. Charging Capacity - Two-Port Devices:  2.1 A, minimum.
2. USB Charging/Tamper Resistant Receptacle Combination Devices:  Two-port (Type A) USB

charging device and receptacle, commercial specification grade, duplex, 20A, 125V, NEMA 5-20R,
listed and labeled as tamper resistant type; rectangular decorator style.

F. Receptacles:  Extra Heavy Duty Industrial Series, complying with NEMA WD 6 and WD 1.
1. Device Body:  _______ plastic.
2. Configuration:  NEMA WD 6, type as specified and indicated.

G. Convenience Receptacles:  Type 5-20R.

H. Single Convenience Receptacles.

I. Duplex Convenience Receptacles.

J. GFCI Receptacles:  5-20R Duplex Convenience receptacle with integral ground fault circuit interrupter to
meet regulatory requirements.

2.7 WALL PLATES

A. Wall Plates:  Comply with UL 514D.
1. Configuration:  One piece cover as required for quantity and types of corresponding wiring devices.
2. Size:  Standard.
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3. Screws:  Metal with slotted heads finished to match wall plate finish.

B. Stainless Steel Wall Plates:  Brushed satin finish, Type 302 stainless steel.

C. Weatherproof Covers for Wet Locations:  Gasketed, cast aluminum, with hinged lockable cover and
corrosion-resistant screws; listed as suitable for use in wet locations while in use with attachment plugs
connected and identified as extra-duty type.

D. Decorative Cover Plates:  , Smooth stainless steel.

E. Surface Mounted Device Wall Plates:  Stamped steel.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are properly
sized to accommodate devices and conductors in accordance with NFPA 70.

C. Verify that wall openings are neatly cut and will be completely covered by wall plates.

D. Verify that final surface finishes are complete, including painting.

E. Verify that branch circuit wiring installation is completed, tested, and ready for connection to wiring
devices.

F. Verify that conditions are satisfactory for installation prior to starting work.

3.2 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.3 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship) and, where applicable, NECA 130,
including mounting heights specified in those standards unless otherwise indicated.

B. Perform work in a neat and workmanlike manner in accordance with NECA 1, including mounting heights
specified in that standard unless otherwise indicated.

C. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for installation of
wiring devices provided under this section.
1. Mounting Heights:  As indicated on the drawings.
2. Orient outlet boxes for vertical installation of wiring devices unless otherwise indicated.
3. Where multiple receptacles, wall switches, or wall dimmers are installed at the same location and at

the same mounting height, gang devices together under a common wall plate.
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4. Locate wall switches on strike side of door with edge of wall plate 3 inches from edge of door frame.
Where locations are indicated otherwise, notify DEDC, LLC to obtain direction prior to proceeding
with work.

5. Locate receptacles for electric drinking fountains concealed behind drinking fountain according to
manufacturer's instructions.

D. Install wiring devices in accordance with manufacturer's instructions.

E. Install permanent barrier between ganged wiring devices when voltage between adjacent devices
exceeds 300 V.

F. Where required, connect wiring devices using pigtails not less than 6 inches long. Do not connect more
than one conductor to wiring device terminals.

G. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and tightening to
proper torque specified by the manufacturer. Where present, do not use push-in pressure terminals that
do not rely on screw-actuated binding.

H. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit equipment
grounding conductor and to outlet box with bonding jumper.

I. Provide GFCI receptacles with integral GFCI protection at each location indicated. Do not use
feed-through wiring to protect downstream devices.

J. Install securely, in a neat and workmanlike manner, as specified in NECA 1.

K. Install wiring devices plumb and level with mounting yoke held rigidly in place.

L. Install wall switches with OFF position down.

M. Do not share neutral conductor on branch circuits utilizing wall dimmers.

N. Install vertically mounted receptacles with grounding pole on top and horizontally mounted receptacles
with grounding pole on left.

O. Install wall plates to fit completely flush to wall with no gaps and rough opening completely covered
without strain on wall plate. Repair or reinstall improperly installed outlet boxes or improperly sized rough
openings. Do not use oversized wall plates in lieu of meeting this requirement.

P. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed or
designated for future use.

Q. Identify wiring devices in accordance with Section 26 0553.

R. Connect wiring device grounding terminal to outlet box with bonding jumper.

S. Install decorative plates on switch, receptacle, and blank outlets in finished areas.

T. Connect wiring devices by wrapping conductor around screw terminal.
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U. Install galvanized steel cover plates on outlet boxes and junction boxes in unfinished areas, above
accessible ceilings, and on surface mounted switches & outlets.

3.4 INTERFACE WITH OTHER PRODUCTS

A. Coordinate locations of outlet boxes provided under Section 26 0537 to obtain mounting heights
specified.

B. Install wall switch 48 inches above finished floor.

C. Install convenience receptacle 18 inches above finished floor.

D. Install convenience receptacle 6 inches above counter.

E. Install telephone jack 18 inches above finished floor.

F. Install telephone jack for side-reach wall telephone to position top of telephone at 54 inches above
finished floor.

G. Install telephone jack for forward-reach wall telephone to position top of telephone at 48 inches above
finished floor.

3.5 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect each wiring device for damage and defects.

C. Operate each wall switch, wall dimmer, and fan speed controller with circuit energized to verify proper
operation.

D. Operate each wall switch with circuit energized and verify proper operation.

E. Test each receptacle to verify operation and proper polarity.

F. Test each GFCI receptacle for proper tripping operation according to manufacturer's instructions.

G. Correct wiring deficiencies and replace damaged or defective wiring devices.

3.6 ADJUSTING

A. Adjust devices and wall plates to be flush and level.

3.7 CLEANING

A. Clean exposed surfaces to remove dirt, paint, or other foreign material and restore to match original
factory finish.

END OF SECTION
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SECTION 26 2813 - FUSES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Fuses.

1.2 RELATED REQUIREMENTS

1.3 REFERENCE STANDARDS

A. NEMA FU 1 - Low Voltage Cartridge Fuses; 2012.

B. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

C. UL 248-1 - Low-Voltage Fuses - Part 1: General Requirements; Current Edition, Including All Revisions.

1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.
1. See Section 01 6000 - Product Requirements, for additional provisions.
2. Fuse Pullers:  One set(s) compatible with each type and size installed.

1.5 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified
and indicated.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Bussmann, a division of Eaton Corporation; ______:  www.cooperindustries.com/#sle.

B. Substitutions:  See Section 01 6000 - Product Requirements.

2.2 FUSES

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required for a
complete operating system.

C. Provide fuses of the same type, rating, and manufacturer within the same switch.
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D. Comply with UL 248-1.

E. Unless otherwise indicated, provide cartridge type fuses complying with NEMA FU 1, Class and ratings
as indicated.

F. Voltage Rating:  Suitable for circuit voltage.

G. Power Load Feeder Switches:  Class RK1 (time delay).

H. Motor Load Feeder Switches:  Class RK1 (time delay).

2.3 CLASS RK1 (TIME DELAY) FUSES

A. Manufacturers:
1. Bussman, Ferraz-Shawmut.
2. Substitutions:  See Section 01 6000 - Product Requirements.

PART 3  EXECUTION

3.1 INSTALLATION

A. Do not install fuses until circuits are ready to be energized.

B. Install fuses with label oriented such that manufacturer, type, and size are easily read.

END OF SECTION
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SECTION 26 2816.16 - ENCLOSED SWITCHES

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Enclosed safety switches.

B. Fusible switches.

C. Nonfusible switches.

1.2 RELATED REQUIREMENTS

A. Section 26 0526 - Grounding and Bonding for Electrical Systems.

B. Section 26 0529 - Hangers and Supports for Electrical Systems.

C. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.

D. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

E. Section 26 2813 - Fuses.

F. Section 26 2913 - Enclosed Controllers:  Manual motor controllers.

1.3 REFERENCE STANDARDS

A. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

B. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2018.

C. NEMA FU 1 - Low Voltage Cartridge Fuses; National Electrical Manufacturers Association; 2002 (R2007).

D. NEMA KS 1 - Heavy Duty Enclosed and Dead-Front Switches (600 Volts Maximum); 2013.

E. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

G. UL 50 - Enclosures for Electrical Equipment, Non-Environmental Considerations; Current Edition,
Including All Revisions.

H. UL 50E - Enclosures for Electrical Equipment, Environmental Considerations; Current Edition, Including
All Revisions.

I. UL 98 - Enclosed and Dead-Front Switches; Current Edition, Including All Revisions.
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1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades.  Avoid placement of ductwork, piping, equipment, or other

potential obstructions within the dedicated equipment spaces and within working clearances for
electrical equipment required by NFPA 70.

2. Coordinate arrangement of electrical equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

3. Verify with manufacturer that conductor terminations are suitable for use with the conductors to be
installed.

4. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for enclosed switches
and other installed components and accessories.

C. Shop Drawings:  Indicate outline and support point dimensions, voltage and current ratings, short circuit
current ratings, conduit entry locations, conductor terminal information, and installed features and
accessories.
1. Identify mounting conditions required for equipment seismic qualification.

D. Manufacturer's equipment seismic qualification certification.

E. Field Quality Control Test Reports.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy
plastic cover to protect units from dirt, water, construction debris, and traffic.

B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to enclosed
switch internal components, enclosure, and finish.

1.8 FIELD CONDITIONS

A. Maintain ambient temperature between -22 degrees F and 104 degrees F during and after installation of
enclosed switches.
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PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Eaton Corporation; ______:  www.eaton.com/#sle.

B. Schneider Electric; Square D Products; ______:  www.schneider-electric.us/#sle.

C. Siemens:  www.sea.siemens.com.

D. Substitutions:  See Section 01 6000 - Product Requirements.

E. Source Limitations:  Furnish enclosed switches and associated components produced by the same
manufacturer as the other electrical distribution equipment used for this project and obtained from a
single supplier.

2.2 ENCLOSED SAFETY SWITCHES

A. Description:  Quick-make, quick-break enclosed safety switches listed and labeled as complying with UL
98; heavy duty; ratings, configurations, and features as indicated on the drawings.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Seismic Qualification:  Provide enclosed safety switches suitable for application under the seismic design
criteria specified in Section 26 0548 where required. Include certification of compliance with submittals.

D. Unless otherwise indicated, provide products suitable for continuous operation under the following
service conditions:
1. Altitude:  Less than 6,600 feet.
2. Ambient Temperature: Between -22 degrees F and 104 degrees F.

E. Horsepower Rating:  Suitable for connected load.

F. Voltage Rating:  Suitable for circuit voltage.

G. Short Circuit Current Rating:
1. Provide enclosed safety switches, when protected by the fuses or supply side overcurrent

protective devices to be installed, with listed short circuit current rating not less than the available
fault current at the installed location as indicated on the drawings.

H. Provide with switch blade contact position that is visible when the cover is open.

I. Fuse Clips for Fusible Switches:  As required to accept fuses indicated.
1. Where NEMA Class R fuses are installed, provide rejection feature to prevent installation of fuses

other than Class R.

J. Conductor Terminations:  Suitable for use with the conductors to be installed.
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K. Provide insulated, groundable fully rated solid neutral assembly where a neutral connection is required,
with a suitable lug for terminating each neutral conductor.

L. Provide solidly bonded equipment ground bus in each enclosed safety switch, with a suitable lug for
terminating each equipment grounding conductor.

M. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following

installation locations:
a. Indoor Clean, Dry Locations:  Type 1.
b. Outdoor Locations:  Type 3R.

2. Finish for Painted Steel Enclosures:  Manufacturer's standard, factory applied grey unless
otherwise indicated.

N. Provide safety interlock to prevent opening the cover with the switch in the ON position with capability of
overriding interlock for testing purposes.

O. Heavy Duty Switches:
1. Comply with NEMA KS 1.
2. Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.
b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

3. Provide externally operable handle with means for locking in the OFF position, capable of accepting
three padlocks.
a. Provide means for locking handle in the ON position where indicated.

2.3 COMPONENTS

A. Fusible Switch Assemblies:  NEMA KS 1, Type HD enclosed load interrupter knife switch.
1. Externally operable handle interlocked to prevent opening front cover with switch in ON position.
2. Handle lockable in OFF position.
3. Fuse clips:  Designed to accommodate NEMA FU1, Class R fuses.  Provide rejection clips to reject

all other than Class R fuses.
4. Fuse extenders where indicated on contract drawings.

B. Nonfusible Switch Assemblies:  NEMA KS 1, Type HD enclosed load interrupter knife switch.
1. Externally operable handle interlocked to prevent opening front cover with switch in ON position.
2. Handle lockable in OFF position.
3. Electrical interlocks, break before switch opens and close after switch closes, where indicated on

contract drawings.

C. Enclosures:  NEMA KS 1.
1. Interior Dry Locations:  Type 1.
2. Exterior Locations:  Type 3R.
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PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings of the enclosed switches are consistent with the indicated requirements.

C. Verify that mounting surfaces are ready to receive enclosed safety switches.

D. Verify that conditions are satisfactory for installation prior to starting work.

3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and
NFPA 70.

D. Provide required support and attachment in accordance with Section 26 0529.

E. Provide required seismic controls in accordance with Section 26 0548.

F. Install enclosed switches plumb.

G. Except where indicated to be mounted adjacent to the equipment they supply, mount enclosed switches
such that the highest position of the operating handle does not exceed 79 inches above the floor or
working platform.

H. Provide grounding and bonding in accordance with Section 26 0526.

I. Provide fuses complying with Section 26 2813 for fusible switches as indicated or as required by
equipment manufacturer's recommendations.

J. Where accessories are not self-powered, provide control power source as indicated or as required to
complete installation.

K. Identify enclosed switches in accordance with Section 26 0553.

L. Provide identification nameplate for each enclosed switch in accordance with Section 26 0553.

M. Provide arc flash warning labels in accordance with NFPA 70.

N. Install fuses in fusible disconnect switches.

O. Apply adhesive tag on inside door of each fused switch indicating NEMA fuse class and size installed.
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3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.

D. Correct deficiencies and replace damaged or defective enclosed safety switches or associated
components.

3.4 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque
settings.

3.5 CLEANING

A. Clean dirt and debris from switch enclosures and components according to manufacturer's instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.

END OF SECTION
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SECTION 26 2913 - ENCLOSED CONTROLLERS

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Enclosed NEMA controllers for low-voltage (600 V and less) applications:
1. Manual motor starters.
2. Motor-starting switches without overload protection.

B. Overcurrent protective devices for motor controllers, including overload relays.

C. Control accessories:
1. Auxiliary contacts.
2. Pilot devices.
3. Control and timing relays.
4. Control power transformers.

1.2 RELATED REQUIREMENTS

A. Section 26 0526 - Grounding and Bonding for Electrical Systems.

B. Section 26 0529 - Hangers and Supports for Electrical Systems.

C. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.
1. Includes requirements for the seismic qualification of equipment specified in this section.

1.3 REFERENCE STANDARDS

A. IEEE C57.13 - IEEE Standard Requirements for Instrument Transformers; 2016.

B. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volts Maximum); 2018.

D. NEMA ICS 2 - Industrial Control and Systems Controllers, Contactors and Overload Relays Rated 600
Volts; 2000, with Errata (2008).

E. NEMA ICS 5 - Industrial Control and Systems:  Control Circuit and Pilot Devices; 2017.

F. NEMA ICS 6 - Industrial Control and Systems:  Enclosures; 1993 (Reaffirmed 2016).

G. NETA ATS - Acceptance Testing Specifications for Electrical Power Equipment and Systems; 2017.

H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

I. UL 60947-1 - Low-Voltage Switchgear and Controlgear - Part 1: General Rules; Current Edition, Including
All Revisions.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

ENCLOSED CONTROLLERS 26 2913 - 2

J. UL 60947-4-1 - Low-Voltage Switchgear and Controlgear - Part 4-1: Contactors and Motor-starters -
Electromechanical Contactors and Motor-starters; Current Edition, Including All Revisions.

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, or other

potential obstructions within the dedicated equipment spaces and working clearances required by
NFPA 70.

2. Coordinate the work to provide motor controllers and associated overload relays suitable for use
with the actual motors to be installed.

3. Coordinate the work to provide controllers and associated wiring suitable for interface with control
devices to be installed.

4. Coordinate arrangement of electrical equipment with the dimensions and clearance requirements of
the actual equipment to be installed.

5. Verify with manufacturer that conductor terminations are suitable for use with the conductors to be
installed.

6. Notify DEDC, LLC of any conflicts with or deviations from Contract Documents. Obtain direction
before proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Product Data:  Provide manufacturer's standard catalog pages and data sheets for motor controllers,
enclosures, overcurrent protective devices, and other installed components and accessories.
1. Include characteristic trip curves for each type and rating of overcurrent protective device upon

request.

C. Shop Drawings:  Indicate dimensions, voltage, controller sizes, short circuit current ratings, conduit entry
locations, conductor terminal information, and installed features and accessories.
1. Identify mounting conditions required for equipment seismic qualification.

D. Manufacturer's equipment seismic qualification certification.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Manufacturer Qualifications:  Company specializing in manufacturing the products specified in this
section with minimum three years documented experience.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Store in a clean, dry space.  Maintain factory wrapping or provide an additional heavy canvas or heavy
plastic cover to protect units from dirt, water, construction debris, and traffic.
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B. Handle carefully in accordance with manufacturer's written instructions to avoid damage to internal
components, enclosure, and finish.

1.8 FIELD CONDITIONS

A. Maintain field conditions within required service conditions during and after installation.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. ABB/GE; ______:  www.geindustrial.com/#sle.

B. Eaton Corporation; __________:  www.eaton.com/#sle.

C. Schneider Electric; Square D Products; _________:  www.schneider-electric.us/#sle.

D. Substitutions:  See Section 01 6000 - Product Requirements.

E. Source Limitations:  Furnish enclosed motor controllers and associated components produced by a
single manufacturer and obtained from a single supplier.

2.2 ENCLOSED CONTROLLERS

A. Provide enclosed controller assemblies consisting of all required components, control power
transformers, instrumentation and control wiring, accessories, etc. as necessary for a complete operating
system.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Description:  Enclosed controllers complying with NEMA ICS 2, and listed and labeled as complying with
UL 60947-1 and UL 60947-4-1; ratings, configurations and features as indicated on the drawings.

D. Seismic Qualification:  Provide controllers and associated components suitable for application under the
seismic design criteria specified in Section 26 0548 where required. Include certification of compliance
with submittals.

E. Service Conditions:
1. Provide controllers and associated components suitable for operation under the following service

conditions without derating:
a. Altitude:

1) Class 1 Km Equipment (devices utilizing power semiconductors, e.g. variable frequency
controllers):  Less than 3,300 feet.

2) Class 2 Km Equipment (electromagnetic and manual devices):  Less than 6,600 feet.
b. Ambient Temperature:  Between 32 degrees F and 104 degrees F.

2. Provide controllers and associated components suitable for operation at indicated ratings under the
service conditions at the installed location.

F. Short Circuit Current Rating:
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1. Provide controllers with listed short circuit current rating not less than the available fault current at
the installed location as indicated on the drawings.

G. Conductor Terminations:  Suitable for use with the conductors to be installed.

H. Enclosures:
1. Comply with NEMA ICS 6.
2. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following

installation locations:
a. Indoor Clean, Dry Locations:  Type 1 or Type 12.
b. Outdoor Locations:  Type 3R or Type 4.

3. Finish:  Manufacturer's standard unless otherwise indicated.

I. Instrument Transformers:
1. Comply with IEEE C57.13.
2. Select suitable ratio, burden, and accuracy as required for connected devices.
3. Current Transformers:  Connect secondaries to shorting terminal blocks.
4. Potential Transformers:  Include primary and secondary fuses with disconnecting means.

J. Manual Motor Starters:
1. Description:  NEMA ICS 2, Class A manually-operated motor controllers with overload relay(s).
2. Configuration:  Non-reversing unless otherwise indicated.
3. Fractional-Horsepower Manual Motor Starters:

a. Furnish with toggle operator.
b. Overload Relays:  Bimetallic or melting alloy thermal type.
c. Provide means for locking operator in the OFF position.
d. Furnish Red ON indicating light where not within sight of equipment.

4. Integral-Horsepower Manual Motor Starters:
a. Furnish with toggle or pushbutton operator.
b. Overload Relays:  Bimetallic or melting alloy thermal type.
c. Provide means for locking operator in the OFF position.
d. Furnish Red ON indicating light where not within sight of equipment.
e. Provide auxiliary contact where indicated; normally open (NO) or normally closed (NC) as

indicated or as required.

K. Motor-Starting Switches:  Horsepower-rated switches without overload protection; toggle operator.

2.3 OVERCURRENT PROTECTIVE DEVICES

A. Overload Relays:
1. Provide overload relays and, where applicable, associated current elements/heaters, selected

according to actual installed motor nameplate data, in accordance with manufacturer's
recommendations and NFPA 70; include consideration for motor service factor and ambient
temperature correction, where applicable.

2. Inverse-Time Trip Class Rating:  Class 20 unless otherwise indicated or required.
3. Trip-free operation.
4. Visible trip indication.
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5. Resettable.
a. Employ manual reset unless otherwise indicated.
b. Do not employ automatic reset with two-wire control.

6. Bimetallic Thermal Overload Relays:
a. Interchangeable current elements/heaters.
b. Adjustable trip; plus/minus 10 percent of nominal, minimum.
c. Trip test function.

7. Melting Alloy Thermal Overload Relays:
a. Interchangeable current elements/heaters.

2.4 CONTROL ACCESSORIES

A. Auxiliary Contacts:
1. Comply with NEMA ICS 5.
2. Provide number and type of contacts indicated or required to perform necessary functions,

including holding (seal-in) circuit and interlocking, plus one normally open (NO) and one normally
closed (NC) spare contact for each magnetic motor starter, minimum.

B. Pilot Devices:
1. Comply with NEMA ICS 5; heavy-duty type.
2. Pushbuttons:  Unless otherwise indicated, provide momentary, non-illuminated type with flush

button operator; normally open or normally closed as indicated or as required.
3. Selector Switches:  Unless otherwise indicated, provide maintained, non-illuminated type with knob

operator; number of switch positions as indicated or as required.
4. Indicating Lights:  Push-to-test type unless otherwise indicated.
5. Provide LED lamp source for indicating lights and illuminated devices.

C. Control and Timing Relays:
1. Comply with NEMA ICS 5.
2. Provide number and type of relays indicated or required to perform necessary functions.

D. Control Power Transformers:
1. Size to accommodate burden of contactor coil(s) and all connected auxiliary devices, plus _____

VA spare capacity.
2. Include primary and secondary fuses.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that ratings of enclosed controllers are consistent with the indicated requirements.

C. Verify that mounting surfaces are ready to receive enclosed controllers.

D. Verify that conditions are satisfactory for installation prior to starting work.
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3.2 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install controllers in accordance with NECA 1 (general workmanship).

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and
NFPA 70.

D. Provide required support and attachment in accordance with Section 26 0529.

E. Install enclosed controllers plumb and level.

F. Provide grounding and bonding in accordance with Section 26 0526.

G. Install all field-installed devices, components, and accessories.

H. Where accessories are not self-powered, provide control power source as indicated or as required to
complete installation.

I. Set field-adjustable controllers and associated components according to installed motor requirements, in
accordance with manufacturer's recommendations and NFPA 70.

J. Set field-adjustable circuit breaker tripping function settings as indicated.

3.3 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect and test in accordance with NETA ATS, except Section 4.

C. Motor Starters:  Perform inspections and tests listed in NETA ATS, Section 7.16.1.1. Tests listed as
optional are not required.

D. Correct deficiencies and replace damaged or defective enclosed controllers or associated components.

3.4 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque
settings.

3.5 CLEANING

A. Clean dirt and debris from controller enclosures and components according to manufacturer's
instructions.

B. Repair scratched or marred exterior surfaces to match original factory finish.
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3.6 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.

B. See Section 01 7900 - Demonstration and Training, for additional requirements.

3.7 PROTECTION

A. Protect installed enclosed controllers from subsequent construction operations.

END OF SECTION
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SECTION 26 3213 - ENGINE GENERATOR

PART 1 GENERAL

1.1 SUMMARY

A. This section includes the following items from a single supplier:
1. Engine Generator Set.
2. Enclosure
3. Related Accessories as specified

a. Related Requirements
1) It is the intent of this specification to secure an engine-driven generator set that has

been prototype tested, factory built, production-tested, and site-tested together with all
accessories necessary for a complete installation as shown on the plans and drawings
and specified herein.

2) Any exceptions to the published specifications shall be subject to the approval of the
engineer and submitted minimum 10 days prior to the closing  of the bid with a line by
line summary description of all the items of compliance, any items that have been are
omitted or have been taken exception to, and a complete description of all deviations.

3) It is the intent of this specification to secure a generator set system that has been tested
during design verification, in production, and at the final job site. The generator set will
be a commercial design and will be complete with all of the necessary accessories for
complete installation as shown on the plans, drawings, and specifications herein. The
equipment supplied shall meet the requirements of the National Electrical Code and
applicable local codes and regulations.

4) All equipment shall be new and of current production by an international, power system
manufacturer of generators, transfer switches, and paralleling switchgear.  The
manufacturer shall be a supplier of a complete and coordinated system. There will be
single-source responsibility for warranty, parts, and service through a factory-authorized
representative with factory-trained technicians.

1.2 SUBMITTALS

A. Action Submittals
1. Product Data
2. The submittal shall include prototype test certification and specification sheets showing all standard

and optional accessories to be supplied; schematic wiring diagrams, dimension drawings, and
interconnection diagrams identifying by terminal number each required interconnection between the
generator set, the transfer switch, and the remote annunciator panel if it is included elsewhere in
these specifications.

3. Shop Drawings
a. Informational Submittal

1) Certificates
2) The generator set shall be listed to UL 2200 or submitted to an independent third party

certification process to verify compliance as installed.
3) Test and Evaluation Reports
4) Manufacturer’s Instruction
5) Source Quality Control Submittals
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6) Field or Site Quality Control
7) Manufacturer’s Report

b. Closeout Submittal
1) Maintenance Contracts
2) Operation And Maintenance Data
3) Warranty Documentation
4) Record Documentation

c. Maintenance Material Submittals

1.3 QUALITY ASSURANCE

A. Regulatory Agency
1. The generator set shall conform to the requirements of the following codes and standards:

a. CSA C22.2, No. 14-M91 Industrial Control Equipment.
b. EN50082-2, Electromagnetic Compatibility-Generic Immunity Requirements, Part 2: Industrial.
c. EN55011, Limits and Methods of Measurement of Radio Interference Characteristics of

Industrial, Scientific and Medical Equipment.
d. IEC8528 part 4, Control Systems for Generator Sets.
e. IEC Std 61000-2 and 61000-3 for susceptibility, 61000-6 radiated and conducted

electromagnetic emissions.
f. IEEE446 Recommended Practice for Emergency and Standby Power Systems for

Commercial and Industrial Applications.
g. NFPA 70, National Electrical Code, Equipment shall be suitable for use in systems in

compliance to Article 700, 701, and 702.
h. NFPA 110, Emergency and Standby Power Systems.  The generator set shall meet all

requirements for Level 1 systems.   Level 1 prototype tests required by this standard shall
have been performed on a complete and functional unit. Component level type tests will not
substitute for this requirement.
1) Qualifications

(a) The equipment shall be produced by a manufacturer who is ISO 9001 certified for
the design, development, production and service of its complete product line.
(1) The power system shall be produced by a manufacturer who has produced

this type of equipment for a period of at least 10 years and who maintains a
service organization available twenty-four hours a day throughout the year.

(2) Manufacturers
(3) The power system shall be furnished by a single manufacturer who shall be

responsible for the design, coordination, and testing of the complete system. 
The entire system shall be installed as shown on the plans, drawings, and
specifications herein.

(4) Suppliers
(5) Testing Agencies
(6) Licensed Professional
(7) Preconstruction testing

1.4 FIELD OR SITE CONDITIONS

A. Ambient Conditions
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1. Engine- generator set shall operate in the following conditions without any damage to the unit or its
loads.
a. Ambient Temperature:  77 °F
b. Altitude : 305 ft
c. Relative Humidity:  95%
d. Existing Conditions

1.5 WARRANTY

A. Manufacturer’s Warranty
1. The generator set shall include a standard warranty covering one (5) year or 10,000 hours,

whichever occurs first, to guarantee against defective material and workmanship in accordance with
the manufacturer's published warranty from the date of initial startup.

2. The generator set manufacturer and its distributor shall maintain a 24-hour parts and service
organization.  This organization shall regularly engage in maintenance contract programs to
perform preventive maintenance and service on equipment similar to that specified.  A service
agreement shall be available and shall include system operation under simulated operating
conditions; adjustment to the generator set, transfer switch, and switchgear controls as required,
and certification in the owner's maintenance log of repairs made and functional tests performed on
all systems.

PART 2 PRODUCTS

2.1 EQUIPMENT

A. Manufacturer:
1. The generator set shall be a Kohler model KG200 with a 4UA13 alternator or approved equal by:
2. Caterpillar
3. MTU

B. Equipment
1. The generator set shall provide 250 kVA and 200 kW when operating at 120/208 volts, 60 Hz, 0.80

power factor. The generator set shall be capable of a 130°C Standby rating while operating in an
ambient condition of less than or equal to 77 °F and a maximum elevation of 500 ft. above sea
level. The standby rating shall be available for the duration of the outage.

2. Engine
a. The minimum 10.3 liter displacement engine shall deliver a minimum of 330HP at a governed

engine speed of 1800 rpm, and shall be equipped with the following:
1) Electronic isochronous governor capable of 0.25% steady-state frequency regulation
2) 12-volt positive-engagement solenoid shift-starting motor
3) 130-ampere automatic battery charging alternator with a solid-state voltage regulation
4) Positive displacement, full-pressure lubrication oil pump, cartridge oil filters, dipstick, and

oil drain
5) Dry-type replaceable air cleaner elements for normal applications
6) The turbocharged engine shall be fueled by natural gas and shall be a aftercooled.
7) The engine shall have a minimum of 4 cylinders and be liquid-cooled

(a) The engine shall be EPA certified from the factory
(b) The generator must accept rated load in one-step.
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3. Cooling System
a. The engine shall be liquid-cooled by a closed loop, unit mounted radiator rated to operate the

generator set at full load at an ambient temperature of 50 degrees C (122 degrees F).  The
radiator fan and other rotating engine parts shall be guarded against accidental contact.

4. Standard Air Cleaner
a. The air cleaner shall provide engine air filtration which meets the engine manufacturer's

specifications under typical operating conditions.
b. Battery

1) Each generator set requires 1 battery which must meet the engine manufactures'
specifications for the ambient conditions specified in Part 1 Project Conditions and shall
comply with the NFPA requirements for engine cranking cycles.  Battery shall be rated
according to SAE Standards J-537 with a minimum cold cranking amp of 925 amps and
a minimum reserve capacity of 185 Minutes at 80F.  The battery plates shall be
constructed of a Calcium-Lead alloy to provide long waterless operation and extended
battery life. The battery elements must be anchor-locked with full-frame grids and
tight-packed commercial plates to resist the effects of vibration. The battery must contain
a handle to aid in lifting and the case must be constructed of polypropylene to resist
breakage and extend service life. Removable cell covers shall be provided to allow for
checking of electrolyte specific gravity.

2) Battery rack and battery cables capable of holding the manufacturer's recommended
batteries shall be supplied.

5. Housing
a. The generator set shall be supplied with a Level 2 Critical Enclosure, providing a sound level

of 75 dB(A) while the generator is operating at 100% load at 7 meters (23 feet) using acoustic
insulation and acoustic-lined inlet hoods,  and constructed from high strength, low alloy 14
gauge galvanized steel.  The acoustic insulation used shall meet UL 94 HF1 flammability
classification.  The enclosure shall be manufactured from bolted panels to facilitate service,
future modifications, or field replacement.  The enclosure shall use external vertical air inlet
and outlet hoods with 90 degree angles to discharge air up and reduce noise.  The enclosure
shall have an integral rodent guard and skid end caps and shall have bracing to meet 241 kph
(150 mph) wind loading.

b. The enclosure components and skid shall be cleaned with a two-stage alkaline cleaning
process to remove grease, grit, and grime from parts. Components shall then be subjected to
a Zirconium-based conversion coating process to prepare the metal for electro-coat (e-coat)
adhesion.  All enclosure parts shall receive a 100% epoxy primer electro-coat (e-coat) with
high-edge protection.  Following the e-coat process, the parts shall be finish coated with
powder baked paint for superior finish, durability, and appearance with a Power Armor TM
industrial finish that provides heavy duty durability in harsh conditions, and is fade-, scratch-
and corrosion-resistant.

c. The enclosure must surpass a 3,000 hour salt spray corrosion test per ASTM B-1117.
d. Enclosures will be finished in the manufacturer's standard color.
e. The enclosures shall allow the generator set to operate at full load in an ambient temperature

of 50°C with no additional derating of the electrical output of the generator set.
f. Enclosures shall be equipped with sufficient side and end doors to allow access for operation,

inspection, and service of the unit and all options. Minimum requirements are two doors per
side. When the generator set controller faces the rear of the generator set, an additional rear
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facing door is required. Access to the controller and main line circuit breaker shall meet the
requirements of the National Electric Code.

g. Doors shall be fitted with hinges, hardware, and the doors shall be removable.
h. Doors shall be equipped with lockable latches. Locks shall be keyed alike. Door locks shall be

recessed to minimize potential of damage to door/enclosure.
i. A duct between the radiator and air outlet shall be provided to prevent re-circulation of hot air.
j. The complete exhaust system shall be internal to the enclosure.
k. The critical silencer shall be fitted with a tailpipe.

6. Controller
a. Advanced Power Management 402 (APM402) Generator Set Controller

1) The generator set controller shall be a microprocessor-based control system that will
provide automatic starting, system monitoring, and protection. The controller system
shall also provide local monitoring and remote monitoring. The control system shall be
capable of PC based updating of all necessary parameters, firmware, and software.

2) The controller shall be mounted on the generator set and shall have integral vibration
isolation. The controller shall be prototype and reliability tested to ensure operation in the
conditions encountered.
(a) Codes and Standards

(1) The generator set controller shall meet NFPA 110 Level 1 requirements and
shall include an integral alarm horn as required by NFPA.

(2) The controller shall meet NFPA 99 and NEC requirements.
(3) The controller shall be UL 508 listed.

(b) Applicability
(1) The controller shall be a standard offering in the manufacturer's controller

product line.
(2) The controller shall support 12-volt and 24volt starting systems.
(3) The controller's environmental specification shall be: -40°C to 70°C operating

temperature range and 5-95% humidity, non-condensing.
(4) The controller shall mount on the generator or remotely within 40 feet with

viewable access.
(c) Controller Buttons, Display and Components

(1) The generator set controller shall include the following features and functions:
(2) Push button Master Control buttons. The buttons shall be tactile-feel

membrane with an indicator light to initiate the following functions:
(3) Run Mode: When in the run mode the generator set shall start as directed by

the operator.
(4) Off/Reset Mode: When in the Off/Reset mode the generator set shall stop, the

reset shall reset all faults, allowing for the restarting of the generator set after
a shutdown.

(5) Auto Mode: When in Auto the mode the generator set shall be ready to accept
a signal from a remote device.

(6) Emergency Stop Switch. The remote stop switch shall be red in color with a
"mushroom" type head. Depressing the stop button will immediately stop the
generator set and lockout the generator set for any automatic remote starting.

(7) Push Button/Rotary Selector dial. This dial shall be used for selection of all
Menus and sub-menus. Rotating the dial moves you through the menus,
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pushing the dial selects the menu and function/features in that menu. Pushing
the button selects the feature/function and sub-menus.

(8) Digital Display. The digital display shall be alphanumeric, with 2 lines of data
and approximately 24 charters. The display shall have back lighting for ease
of operator use in high and low light conditions. The display shall display
status of all faults and warnings. The display shall also display any engine
faults. While the generator set is running, the display shall scroll all-important
information across the screen for ease of operator use. The scroll can be
stopped by pushing the rotary dial. The display shall fall asleep when the
generator set is not running and will wake-up when the generator set starts, or
the rotary dial is depressed.

(9) Fault Light. The controller shall have an annunciator fault light that glows red
for faults and yellow for warnings. These faults and warnings shall be
displayed in the digital display. The fault light will also glow yellow when not in
AUTO.

(10) Alarm Horn. The controller shall provide an alarm horn that sounds when any
faults or warnings are present. The horn shall also sound when the controller
is not in the AUTO mode.

(11) Alarm Silence/Lamp Test Button. When this button is depressed, it shall test
all controller lamps. This button will also silence the alarm horn when the unit
is not AUTO.

(12) USB Connection. The controller shall have a USB connection on the face of
the controller. This connection shall allow for updating of all software and
firmware. This port shall also allow for all servicing of generator set
parameters, fault diagnostics and viewing of all controller information via use
a laptop computer.

(13) Dedicated user inputs. The controller shall have dedicated inputs for remote
emergency stop switch, remote 2-wire star for transfer switch and auxiliary
shutdown.

(14) The controller shall have auto resettable circuit protection integral on the
circuit board.

(d) System Controller Monitoring and Status Features and Functions
(1) The generator controller shall display and monitor the following engine and

alternator functions and allow adjustments of certain parameters at the
controller:

(2) Overview menu
(3) Active shutdowns and warnings shall be displayed if present and without the

need of operator interface
(4) Engine runtime with total hours
(5) Average line to line voltage
(6) Coolant temperature
(7) Fuel level or pressure
(8) Oil pressure
(9) Battery voltage
(10) Software version
(11) Frequency
(12) Average current
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(13) Engine metering menu.
(14) Engine speed
(15) Oil pressure
(16) Coolant temperature
(17) Battery voltage
(18) Generator metering menu.
(19) Total power in VA
(20) Total power in W
(21) Rated power % used
(22) Voltage L-L and L-N for all phases
(23) Current L1, L2, L3
(24) Frequency
(25) Generator set information.
(26) Generator set model number
(27) Generator set serial number
(28) Controller set number
(29) Generator set run time.
(30) Engine run time total hours
(31) Engine loaded total hours
(32) Number of engine starts
(33) Total energy in kW
(34) Generator set system
(35) System voltage
(36) System frequency 50/60Hz
(37) System phase, single/three phase
(38) Power rating kW
(39) Amperage rating
(40) Power type standby/prime
(41) Measurement units, metric/English units adjustable
(42) Alarm silence, always or auto only
(43) Generator set calibration, the following are adjustable at the controller.
(44) Voltage L-L and L-N all phases
(45) Current L1, L2, L3
(46) Reset all calibrations
(47) Voltage regulation, +/-0.5% regulation, the following is adjustable at the

controller.
(48) Voltage Adjustable +/- 10%
(49) Digital and Analog Inputs and outputs
(50) Displays settings and status
(51) Event Log
(52) Stores event history, up to 1000 events

(e) Controller Engine control features and functions
(1) Automatic restart - the controller has automatic restart feature that initiates the

start routine and re-crank after a failed start attempt.
(2) Cyclic cranking - the controller shall have programmable cyclic cranking
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(3) Engine starting aid - the controller shall have the capability of providing
control for an optional engine starting aid.

(4) The control system shall include time delays for engine start and cool down.
(5) The control system shall interface with the engine ECM and display engine

fault codes and warnings. The ECM shall also include sender failure
monitoring to help distinguish between failed senders and actual failure
conditions.

(6) The controller shall monitor and display engine governor functions with
include steady state and transient frequency monitoring

(f) Controller Alternator control features and functions
(1) Integrated hybrid voltage regulator. The system shall have integral

microprocessor-based voltage regulator system that provides +/- 5% voltage
regulation, no-load to full load with three phase sensing. The system is
prototype tested and control variation of voltage to frequency. The voltage
regulator shall be adjustable at the controller with maximum +/- 10%
adjustable of nominal voltage.

(2) AC output voltage regulator adjustment. The system shall allow for
adjustment of the integral voltage regulator with maximum of +/- 10%
adjustment of the system voltage.

(3) Alternator thermal overload protection. The system shall have integral
alternator overload and short circuit protection matched to each alternator for
the particular voltage and phase configuration.

(4) Power metering. The controller digitally displays power metering of kW and
kVA.

(g) Other control features and functions
(1) Event logging. The controller keeps a record of up to 1000 events, for warning

and shutdown faults. This fault information becomes a stored record of
systems events and can be reset.

(2) Historical data logging. The controller total number of generator set
successful start shall be recorded and displayed.

(3) Programmable access. The control system shall include a USB port that gives
service technicians the ability to provide software and firmware upgrades. The
system shall also be capable of allowing setting of all critical parameters
using the service software and a laptop computer. All parameters and setting
should be capable to being stored on a laptop for future upgrades of printing
for analysis.

(h) Generator Set Warning, Shutdown Alarm and Status
(1) The generator set shall have alarms and status indication lamps that show

non-automatic status and warning and shutdown conditions. The controller
shall indicate with a warning lamp and or alarm and on the digital display
screen any shutdown, warning or engine fault condition that exists in the
generator set system. The following alarms and shutdowns shall exist as a
minimum:

(2) Engine functions
(3) ECM communication loss (shutdown)
(4) ECM diagnostics (alarm & shutdown)
(5) Engine overspeed (shutdown)
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(6) Engine start aid active
(7) Engine under speed (shutdown)
(8) High DC battery voltage (alarm)
(9) High coolant temperature (alarm & shutdown)
(10) Low DC battery voltage (alarm)
(11) Low coolant level (shutdown)
(12) Low coolant temperature (alarm)
(13) Low cranking voltage (alarm)
(14) Low engine oil level (alarm & shutdown)
(15) Low fuel pressure (alarm)
(16) Low oil pressure (alarm & shutdown)
(17) No coolant temperature signal (shutdown)
(18) No oil pressure signal (shutdown)
(19) Overcrank (shutdown)
(20) Speed sensor fault (alarm)
(21) Generator functions
(22) AC sensing loss over & under current (alarm & shutdown)
(23) Alternator protection (shutdown)
(24) Ground fault input (alarm)
(25) kW overload (shutdown)
(26) Locked rotor (shutdown)
(27) Over-frequency (shutdown)
(28) Over AC voltage (shutdown)
(29) Under-frequency (shutdown)
(30) Under AC voltage (shutdown)
(31) Emergency stop (shutdown)
(32) Other General functions
(33) Battery charger fault (alarm)
(34) Common fault (shutdown)
(35) Common warning (alarm)
(36) Master switch not in auto (alarm)
(37) Generator running
(38) Input/output fault (alarm)
(39) The generator set controller shall also be capable of meeting all necessary

NFPA 110 level 1 requirements that include several of the above along with;
EPS supplying load, Master switch “not in auto”, and contacts for local and
remote common alarm.

(i) Communications
(1) If the generator set engine is equipped with an ECM (engine control module),

the controller shall communicate with the ECM for control, monitoring,
diagnosis, and meet SAE J1939 standards

(2) Kohler proprietary RBUS communication shall be available or equal.
(3) A RBUS shall be able to monitor and alter parameters and start or stop a

generator.
(4) The controller shall have the capability to communicate to a personal

computer (IBM or compatible) and appropriate application software
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(5) A variety of connections shall be available based on requirements:
(6) A single control connection to a PC via USB
(7) Internet connection via Ethernet
(8) Generator and transfer switch controls shall be equipped with

communications modules capable of connecting to the same communication
network.

C. Generator Overcurrent and Fault Protection
1. The generator shall be provided with a factory installed, 100% rated line circuit breaker rated at

800.00 amperes that is UL489 listed. Line circuit breakers shall be sized for the rated ampacity of
the loads served by the breaker per the NEC.

2. The circuit breaker(s) shall incorporate an electronic trip device with the following characteristics:
a. Adjustable long time delay
b. Adjustable short time delay [As applicable]
c. Instantaneous

1) Load side lugs shall be provided from the factory. The line circuit breaker shall include
auxiliary contacts, shunt trip, under voltage trip, alarm switch, and overcurrent switch
functionality. Load side breaker connections made at the factory shall be separated from
field connections.

2) The shunt trip device shall be connected to trip the generator breaker when the
generator-set is shut down by other protective devices.

3) Barriers to provide segregation of wiring from an emergency source to emergency loads
from all other wiring and equipment, if required by the NEC, shall be provided.

D. Alternator
1. The alternator shall be 4-pole, rotating field, brushless, 2/3-pitch, with 4 bus bar provision for

external connections, self-ventilated, with drip-proof construction and amortisseur rotor windings,
and skewed for smooth voltage waveform. The ratings shall meet the NEMA standard (MG1-32.40)
temperature rise limits. The insulation shall be class H per UL1446 and the varnish shall be a
vacuum pressure impregnated, fungus resistant epoxy. Temperature rise of the rotor and stator
shall be limited to 130°C Standby. The PMG based excitation system shall be of brushless
construction controlled by a digital, three phase sensing, solid- state, voltage regulator. The AVR
shall be capable of proper operation under severe nonlinear loads and provide individual
adjustments for voltage range, stability and volts-per-hertz operations. The AVR shall be protected
from the environment by conformal coating. The waveform harmonic distortion shall not exceed 5%
total RMS measured line-to-line at full rated load. The TIF factor shall not exceed 50.

2. The alternator shall have a maintenance-free sealed bearing, designed for 40000 hour B10 life. The
alternator shall be directly connected to the flywheel housing with a semi-flexible coupling between
the rotor and the flywheel.

3. The generator shall be inherently capable of sustaining at least 300% of rated current for at least 10
seconds under a 3-phase symmetrical short circuit without the addition of separate current-support
devices.

4. Motor starting performance and voltage dip determinations shall be based on the complete
generator set.  The generator set shall be capable of supplying 960 LRKVA for starting motor loads
with a maximum instantaneous voltage dip of 35%, as measured by a digital RMS transient
recorder in accordance with IEEE Standard 115.  Motor starting performance and voltage dip
determination that does not account for all components affecting total voltage dip, i.e., engine,
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alternator, voltage regulator, and governor will not be acceptable.  As such, the generator set shall
be prototype tested to optimize and determine performance as a generator set system.

5. Vibration Isolation
a. Vibration isolators shall be provided between the engine-alternator and heavy-duty steel base.

2.2 ACCESSORIES

A. The generator set shall be supplied with a 10-ampere automatic float/equalize battery charger capable of
charging battery, with the following features:
1. Automatic 3-stage float to equalization charge
2. Voltage regulation of 1% from no to full load over 10% AC input line voltage variations
3. Battery charging current Ammeter and battery voltage voltmeter with 5% full-scale accuracy
4. LED lamp for power ON indication
5. Current limited during engine cranking, short circuit, and reverse polarity conditions
6. Temperature compensated for ambient temperatures for -40°C to 60°C
7. Alarm circuit board featuring alarm contacts for low battery voltage, high battery voltage, and

battery charger malfunction.
8. UL 1012 Listed
9. CSA Certified

B. Battery rack and battery cables capable of holding the manufacturer's recommended battery shall be
supplied.

C. The generator set shall be supplied with a means to manually adjust the speed of the generator.

D. The generator set shall be furnished with rodent guards to prevent rodent intrusion and protect internal
components.

E. The generator shall be equipped with a crankcase vent.  The fumes coming from the vent (Blow-by) will
need to be contained with the solids being separated and collected while the gases are being released
back into the engine.

F. Block Heater - The block heater shall be thermostatically controlled, 1500 watt, with isolating valves, to
maintain manufacturers recommended engine coolant temperature to meet the start-up requirements of
NFPA 99 and NFPA 110, Level 1.

G. The exhaust piping shall be gas proof, seamless, stainless steel, flexible exhaust bellows and includes
the flex exhaust tube and the mounting hardware.

H. Supply flexible fuel lines to provide a flexible connection between the engine fuel fittings and the fuel
supply tank piping and for the fuel return lines from the injector pump per engine manufacturer’s
recommendations.  Flex line shall have a protective steel wire braid to protect the hose from abrasion.

I. The generator set shall be supplied with a common failure relay to provide means of signaling fault
and/or shutdown conditions.
1. The common failure relay shall remotely signal auxiliary faults, emergency stop, high engine

temperature, low oil pressure, over crank, and over speed via one single-pole, double-throw relay
with 10 amps at 120 VAC contacts.
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2. The relay contacts shall be gold flashed to allow use of low current draw devices (100ma @ 28VDC
min.).

3. Once energized the relay shall remain latched until the system is reset by the main controller
switch.

J. The generator set shall be provided with a run relay which shall provide a three-pole, double-throw relay
with 10-amp/ 250 VAC contacts to indicate that the generator is running. The run relay dry contacts can
be used for energizing or de-energizing customer devices while the generator is running (e.g. louvers,
indicator lamps, etc.)

K. Remote annunciator panel - The remote annunciator shall meet NFPA 110, Level 1 requirements and
enable remote viewing of the generator status. The panel shall be connected to the generator controller
via either network communication wires or via hard wired connections. Options shall be available to
provide ATS source availability, contactor position, and loaded or unloaded test for up to four transfer
switches. The panel shall have the capability to be either flush- mounted or surface-mounted. The
annunciator shall meet UL508 requirements.

L. The generator set shall be provided with an 100W alternator strip heater.

M. The generator set shall be provided with the basic electrical package option, which includes:
1. 30A terminal strip
2. DC light switch
3. 20A, 240V receptacle
4. 20A, 120V GFCI receptacle

2.3 SOURCE QUALITY CONTROL

A. Non-Conforming Work
1. To ensure that the equipment has been designed and built to the highest reliability and quality

standards, the manufacturer and/or local representative shall be responsible for three separate
tests: design prototype tests, final production tests, and site tests.
a. Design Prototype Tests. Components of the emergency system, such as the engine/generator

set, transfer switch, and accessories, shall not be subjected to prototype tests because the
tests are potentially damaging.  Rather, similar design prototypes and preproduction models
shall be subject to the following tests:

b. Maximum power (kW)
1) Maximum motor starting (kVA) at 35% instantaneous voltage dip.
2) Alternator temperature rise by embedded thermocouple and/or by resistance method per

NEMA MG1-32.6.
3) Governor speed regulation under steady-state and transient conditions.
4) Voltage regulation and generator transient response.
5) Harmonic analysis, voltage waveform deviation, and telephone influence factor.
6) Three-phase short circuit tests.
7) Alternator cooling air flow.
8) Torsional analysis to verify that the generator set is free of harmful torsional stresses.
9) Endurance testing.

(a) Final Production Tests. Each generator set shall be tested under varying loads with
guards and exhaust system in place.  Tests shall include:
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(1) Single-step load pickup
(2) Safety shutdown device testing
(3) Rated Power @ 0.8 PF
(4) Maximum power
(5) Upon request, a witness test, or a certified test record sent prior to shipment.
(6) Site Tests. The manufacturer's distribution representative shall perform an

installation check, startup, and building load test. The engineer, regular
operators, and the maintenance staff shall be notified of the time and date of
the site test. The tests shall include:

(7) Fuel, lubricating oil, and antifreeze shall be checked for conformity to the
manufacturer's recommendations, under the environmental conditions
present and expected.

(8) Accessories that normally function while the set is standing by shall be
checked prior to cranking the engine.  These shall include: block heaters,
battery chargers, alternator strip heaters, remote annunciators, etc.

(9) Generator set startup under test mode to check for exhaust leaks, path of
exhaust gases outside the building, cooling air flow, movement during starting
and stopping, vibration during operation, normal and emergency line-to-line
voltage and frequency, and phase rotation.

(10) Automatic start by means of a simulated power outage to test
remote-automatic starting, transfer of the load, and automatic shutdown. 
Prior to this test, all transfer switch timers shall be adjusted for proper system
coordination.  Engine coolant temperature, oil pressure, and battery charge
level along with generator set voltage, amperes, and frequency shall be
monitored throughout the test.

END OF SECTION
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SECTION 26 3223 - AUTOMATIC TRANSFER SWITCH

PART 1 GENERAL

1.1 SUMMARY

A. This section includes the following items from a single supplier:
1. Automatic transfer switch
2. Related Accessories as specified
3. Related Requirements

a. It is the intent of this specification to secure an automatic transfer switch that has been
prototype tested, factory built, production-tested, and site-tested together with all accessories
necessary for a complete installation as shown on the plans and drawings and specified
herein.

b. Any exceptions to the published specifications shall be subject to the approval of the engineer
and submitted minimum 10 days prior to the closing  of the bid with a line by line summary
description of all the items of compliance, any items that have been are omitted or have been
taken exception to, and a complete description of all deviations.

c. It is the intent of this specification to secure an automatic transfer switch that has been tested
during design verification, in production, and at the final job site. The automatic transfer switch
will be a commercial design and will be complete with all of the necessary accessories for
complete installation as shown on the plans, drawings, and specifications herein. The
equipment supplied shall meet the requirements of the National Electrical Code and applicable
local codes and regulations.

d. All equipment shall be new and of current production by an international, power system
manufacturer of generators, transfer switches, and paralleling switchgear.  The manufacturer
shall be a supplier of a complete and coordinated system. There will be single-source
responsibility for warranty, parts, and service through a factory-authorized representative with
factory-trained technicians.

1.2 SUBMITTALS

A. Action Submittals
1. Product Data

a. The submittal shall include specification sheets showing all standard and optional accessories
to be supplied; schematic wiring diagrams, dimension drawings, and interconnection diagrams
identifying by terminal number each required interconnection between the generator set, the
transfer switch, and the remote annunciator panel if it is included elsewhere in these
specifications.
1) Shop Drawings

2. Informational Submittal
a. Certificates
b. Test and Evaluation Reports
c. Manufacturer’s Instruction
d. Source Quality Control Submittals
e. Field or Site Quality Control
f. Manufacturer’s Report

3. Closeout Submittals
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a. Maintenance Contracts
b. Operation And Maintenance Data
c. Warranty Documentation
d. Record Documentation
e. Software

4. Maintenance Material Submittals
a. Literature

1.3 QUALITY ASSURANCE

A. Regulatory Agency
1. The automatic transfer switch shall conform to the requirements of the following codes and

standards:
a. UL 1008 - Standard for Transfer Switch Equipment
b. IEC 947-6-1 Low-voltage Switchgear and Control gear; Multifunction equipment; Automatic

Transfer Switching EquipmentEN55011, Limits and Methods of Measurement of Radio
Interference Characteristics of Industrial, Scientific and Medical Equipment.

c. NFPA 70 - National Electrical Code
d. NFPA 99 - Essential Electrical Systems for Health Care Facilities
e. NFPA 110 - Emergency and Standby Power Systems
f. IEEE Standard 446 - IEEE Recommended Practice for Emergency and Standby Power

Systems for Commercial and Industrial Applications
g. NEMA Standard ICS 10-2005, Electromechanical AC Transfer Switch Equipment.
h. EN61000-4-4 Fast Transient Immunity Severity Level 4
i. EN61000-4-5 Surge Immunity Class 4 (voltage sensing and programmable inputs only)
j. IEEE 472 (ANSI C37.90A) Ring Wave Test
k. IEC Specifications for EMI/EMC Immunity (CISPR 11, IEC 1000-4-2, IEC 1000-4-3, IEC

1000-4-4, IEC 1000-4-5, IEC 1000-4-6, IEC 1000-4-8, IEC 1000-4-11)
l. CSA C22.2 No. 178 certification
m. Qualifications

1) The automatic transfer switch shall be produced by a manufacturer who is ISO 9001
certified for the design, development, production and service of its complete product line.

2) A manufacturer who has produced this type of equipment for a period of at least 10
years and who maintains a service organization available twenty-four hours a day
throughout the year shall produce the automatic transfer switch.

n. Manufacturers
1) The automatic transfer switch shall be furnished by a single manufacturer who shall be

responsible for the design, coordination, and testing of the complete system.  The entire
system shall be installed as shown on the plans, drawings, and specifications herein.
(a) The manufacturer shall maintain a national service organization of employing

personnel located throughout the contiguous United States. The Service center’s
personnel must be factory trained and must be on call 24 hours a day, 365 days a
year.
(1) The manufacturer shall maintain records of each switch, by serial number, for

a minimum of 20 years.
o. Automatic transfer switch shall operate in the following conditions without any damage to the

unit or its loads.
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1) Ambient Temperature:  -4 to 158 Degrees F
2) Relative Humidity: 5% to 95% noncondensing

1.4 WARRANTY

A. Manufacturer’s Warranty
1. The ATS shall include a standard warranty covering one (1) year to guarantee against defective

material and workmanship in accordance with the manufacturer's published warranty from the date
of initial startup.

2. The ATS manufacturer and its distributor shall maintain a 24-hour parts and service organization. 
This organization shall regularly engage in maintenance contract programs to perform preventive
maintenance and service on equipment similar to that specified.  A service agreement shall be
available and shall include system operation under simulated operating conditions; adjustment to
the generator set, transfer switch, and switchgear controls as required, and certification in the
owner's maintenance log of repairs made and functional tests performed on all systems.

PART 2 PRODUCTS

2.1 CONTRACTOR-FURNISHED

A. New Products

2.2 EQUIPMENT

A. Equipment
1. Furnish and install an automatic transfer switches system(s) with 3-Pole / 4-Wire, Solid Neutral, 800

Amps, 208V/60Hz. Automatic transfer shall consist of an inherently double throw power transfer
switch mechanism and a microprocessor controller to provide automatic operation. All transfer
switches and controllers shall be the products of the same manufacturer.

B. Manufacturer
1. Automatic transfer switches shall be Kohler Service Entrance Rated - Open Transition

(KEO)/KEO-DCTF-0800SNN or equivalent switch by: (Contractor shall verify catalogue number
prior to purchase of ATS.)

2. ASCO
3. Caterpillar
4. MTU
5. Any alternate shall be submitted for approval to the consulting engineer at least 10 days prior to bid

date. Alternate bids shall include a line-by-line clarification of the specification marked with "D" for
deviation; "E" for exception, and "C" for comply.

C. Construction

D. Enclosure
1. The ATS shall be furnished in a NEMA 4X enclosure.
2. All standard door mounted switches and indicating LEDs shall be integrated into a flush-mounted,

interface membrane or equivalent in the enclosure door for easy viewing & replacement. The panel
shall be capable of having a manual locking feature to allow the user to lockout all membrane
mounted control switches to prevent unauthorized tampering. This cover shall be mounted with
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hinges and have a latch that may be padlocked. The membrane panel shall be suitable for
mounting by others when furnished on open type units.

2.3 OPERATION

A. Controls
1. A four line, 20 character LCD display and dynamic 4 button keypad shall be an integral part of the

controller for viewing all available data and setting desired operational parameters. Operational
parameters shall also be available for viewing and control through the communications interface
port or USB. The following parameters shall only be adjustable via a password protected
programming on the controller:
a. Nominal line voltage and frequency
b. Single or three phase sensing
c. Operating parameter protection
d. Transfer operating mode configuration (Standard transition, Programmed transition, or Closed

transition)

B. Voltage and Frequency
1. Voltage (all phases) and frequency on both the normal and emergency sources shall be

continuously monitored, with the following pickup, dropout, and trip setting capabilities (values
shown as % of nominal unless otherwise specified):
a. Parameter                      Dropout/Trip     Pickup/Reset
b. Under voltage              75 to 98%             85 to 100%
c. Over voltage              106 to 135%           95 to 100% of trip
d. Under frequency          95 to 99%             80 to 95%
e. Over frequency            01 to 115%         105 to 120%
f. Voltage unbalance         5 to 20%               3 to 18%
g. Repetitive accuracy of all settings shall be within ± 0.5% over an operating temperature range

of -20°C to 70°C.
h. An adjustable dropout time for transient voltage and frequency excursions shall be provided.

The time delays shall be 0.1 to 9.9 seconds for voltage and .1 to 15 seconds for frequency.
i. Voltage and frequency settings shall be field adjustable in 1% increments either locally with

the display and keypad, remotely via the communications interface port or USB.
j. The controller shall be capable of sensing the phase rotation of both the normal and

emergency sources. The source shall be considered unacceptable if the phase rotation is not
the preferred rotation selected (ABC or BAC). Unacceptable phase rotation shall be indicated
on the LCD; the service required LED and the annunciation through the communication
protocol and dry contacts. In addition, the phase rotation sensing shall be capable of being
disabled, if required.

k. The controller shall be capable of detecting a single phasing condition of a source, even
though a voltage may be regenerated by the load. This condition is a loss of phase and shall
be considered a failed source.

l. Source status screens shall be provided for both normal & emergency to provide digital
readout of voltage on all 3 phases (phase to phase and phase to neutral), frequency, and
phase rotation.

C. Time Delays
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D. Additional Features

E. Operation Sequence

2.4 ACCESSORIES

2.5 STANDARD I/O MODULE. THE STANDARD I/O MODULE SHALL HAVE TWO PROGRAMMABLE INPUTS
AND SIX PROGRAMMABLE OUTPUTS.

A. Inputs Available  2
1. Contact Closure
2. Current  5mA Max.
3. Connection Type  Terminal Strip
4. Wire Size  #14-24 AWG
5. Max Distance  700 feet

a. Outputs Available  6
1) Contact Type  Form C (SPDT)

(a) Contact Rating  2A @ 30VDC, 500mA @ 125VAC
(1) Connection Type  Terminal Strip
(2) Wire Size  #14-24

2.6 SOURCE QUALITY CONTROL

2.7 TEST AND INSPECTION

A. Upon request, the manufacturer shall provide a notarized letter certifying compliance with all of the
requirements of this specification including compliance with the above codes and standards. The
certification shall identify, by serial number(s), the equipment involved.  No exceptions to the
specifications, other than those stipulated at the time of the submittal, shall be included in the
certification.

B. The ATS manufacturer shall be certified to ISO 9001 International Quality Standard and the manufacturer
shall have third party certification verifying quality assurance in design/development, production,
installation and servicing in accordance with ISO 9001.

END OF SECTION
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SECTION 26 5100 - INTERIOR LIGHTING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Interior luminaires.

B. Emergency lighting units.

C. Exit signs.

D. Drivers.

E. Accessories.

1.2 RELATED REQUIREMENTS

A. Section 26 0529 - Hangers and Supports for Electrical Systems.

B. Section 26 0533.16 - Boxes for Electrical Systems.

C. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems.

D. Section 26 0553 - Identification for Electrical Systems:  Identification products and requirements.

E. Section 26 2726 - Wiring Devices:  Manual wall switches and wall dimmers.

1.3 REFERENCE STANDARDS

A. IES LM-79 - Approved Method: Electrical and Photometric Measurements of Solid-State Lighting
Products; 2008.

B. IES LM-80 - Approved Method: Measuring Luminous Flux and Color Maintenance of LED Packages,
Arrays, and Modules; 2015, with Errata (2017).

C. NECA/IESNA 500 - Standard for Installing Indoor Commercial Lighting Systems; 2006.

D. NECA/IESNA 502 - Standard for Installing Industrial Lighting Systems; 2006.

E. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; 2012.

F. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

G. UL 1598 - Luminaires; Current Edition, Including All Revisions.

H. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition, Including
All Revisions.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 



Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

INTERIOR LIGHTING 26 5100 - 2

1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate the installation of luminaires with mounting surfaces installed under other sections or by

others. Coordinate the work with placement of supports, anchors, etc. required for mounting.
Coordinate compatibility of luminaires and associated trims with mounting surfaces at installed
locations.

2. Coordinate the placement of luminaires with structural members, ductwork, piping, equipment,
diffusers, fire suppression system components, and other potential conflicts installed under other
sections or by others.

3. Coordinate the placement of exit signs with furniture, equipment, signage or other potential
obstructions to visibility installed under other sections or by others.

4. Notify DEDC, LLC of any conflicts or deviations from Contract Documents to obtain direction prior to
proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Shop Drawings:  Indicate dimensions and components for each fixture that is not a standard product of
the manufacturer.

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including detailed
information on luminaire construction, dimensions, ratings, finishes, mounting requirements, listings,
service conditions, photometric performance, installed accessories, and ceiling compatibility; include
model number nomenclature clearly marked with all proposed features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.

D. Manufacturer's Installation Instructions:  Indicate application conditions and limitations of use stipulated
by product testing agency.  Include instructions for storage, handling, protection, examination,
preparation, and installation of product.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

B. Conform to requirements of NFPA 70 and NFPA 101.

1.7 DELIVERY, STORAGE, AND PROTECTION

A. Receive, handle, and store products according to NECA/IESNA 500 (commercial lighting), NECA/IESNA
502 (industrial lighting), and manufacturer's written instructions.

B. Keep products in original manufacturer's packaging and protect from damage until ready for installation.

1.8 FIELD CONDITIONS

A. Maintain field conditions within manufacturer's required service conditions during and after installation.
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1.9 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

B. Provide five year manufacturer warranty for all LED luminaires, including drivers.

C. Provide five year manufacturer warranty minimum for all dimming drivers.

D. Provide ten year pro-rata warranty for batteries for self-powered exit signs.

E. Products:  Listed and classified by Underwriters Laboratories Inc. as suitable for the purpose specified
and indicated.

PART 2  PRODUCTS

2.1 LUMINAIRE TYPES

A. Furnish products as indicated in luminaire schedule included on the drawings.

B. Substitutions:  See Section 01 6000 - Product Requirements, except where individual luminaire types are
designated with substitutions not permitted.

2.2 LUMINAIRES

A. Provide products that comply with requirements of NFPA 70.

B. Provide products that are listed and labeled as complying with UL 1598, where applicable.

C. Provide products that comply with requirements of NFPA 70 and NFPA 101.

D. Provide products listed, classified, and labeled as suitable for the purpose intended.

E. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets, ballasts,
reflectors, lenses, housings and other components required to position, energize and protect the lamp
and distribute the light.

F. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, connectors,
hardware, supports, trims, accessories, etc. as necessary for a complete operating system.

G. Provide products suitable to withstand normal handling, installation, and service without any damage,
distortion, corrosion, fading, discoloring, etc.

H. Recessed Luminaires:
1. Ceiling Compatibility:  Comply with NEMA LE 4.
2. Luminaires Recessed in Insulated Ceilings:  Listed and labeled as IC-rated, suitable for direct

contact with insulation and combustible materials.
3. Luminaires Recessed in Sloped Ceilings:  Provide suitable sloped ceiling adapters.

I. LED Luminaires:
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1. Components:  UL 8750 recognized or listed as applicable.
2. Tested in accordance with IES LM-79 and IES LM-80.
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance, calculated

based on IES LM-80 test data.

J. LED Tape Lighting Systems:  Provide all power supplies, drivers, cables, connectors, channels, covers,
mounting accessories, and interfaces as necessary to complete installation.
1. LED Tape - General Requirements:

a. Listed.
b. Designed for field cutting in accordance with listing.

2.3 DRIVERS

A. Dimmable LED Drivers:
1. Dimming Range:  Continuous dimming from 100 percent to five percent relative light output unless

dimming capability to lower level is indicated, without flicker.
2. Control Compatibility:  Fully compatible with the dimming controls to be installed.

2.4 ACCESSORIES

A. Stems for Suspended Luminaires:  Steel tubing, minimum 1/2" size, factory finished to match luminaire or
field-painted as directed.

B. Airplane cable: Steel Wire.

C. Fire-Rated Luminaire Enclosures:
1. Provide as required to preserve fire resistance rating of building elements.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are properly
sized to accommodate conductors in accordance with NFPA 70.

C. Verify that suitable support frames are installed where required.

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to luminaires.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.2 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.
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3.3 INSTALLATION

A. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for installation of
luminaires provided under this section.

B. Install products in accordance with manufacturer's instructions.

C. Install luminaires securely, in a neat and workmanlike manner, as specified in NECA 500 (commercial
lighting) and NECA 502 (industrial lighting).

D. Provide required support and attachment in accordance with Section 26 0529.

E. Provide required seismic controls in accordance with Section 26 0548.

F. Install luminaires plumb and square and aligned with building lines and with adjacent luminaires.

G. Suspended Ceiling Mounted Luminaires:
1. Do not use ceiling tiles to bear weight of luminaires.
2. Do not use ceiling support system to bear weight of luminaires unless ceiling support system is

certified as suitable to do so.
3. Secure surface-mounted and recessed luminaires to building structure.
4. Secure pendant-mounted luminaires to building structure.
5. Secure lay-in luminaires to ceiling support channels using listed safety clips at four corners.
6. In addition to ceiling support wires, provide two galvanized steel safety wire(s), minimum 12 gauge,

connected from opposing corners of each recessed luminaire to building structure.
7. See appropriate Division 9 section where suspended grid ceiling is specified for additional

requirements.

H. Recessed Luminaires:
1. Install trims tight to mounting surface with no visible light leakage.
2. Non-IC Rated Luminaires:  Maintain required separation from insulation and combustible materials

according to listing.
3. Luminaires Recessed in Fire-Rated Ceilings:  Install using accessories and firestopping materials to

meet regulatory requirements for fire rating.

I. Suspended Luminaires:
1. Unless otherwise indicated, specified mounting heights are to bottom of luminaire.
2. Install using the suspension method indicated, with support lengths and accessories as required for

specified mounting height.
3. Install canopies tight to mounting surface.
4. Unless otherwise indicated, support pendants from swivel hangers.

J. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to bottom of
luminaire.

K. Install fixtures securely, in a neat and workmanlike manner, as specified in NECA 500 (commercial
lighting).
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L. Install suspended luminaires using pendants supported from swivel hangers.  Provide pendant length
required to suspend luminaire at indicated height.

M. Install surface mounted luminaires plumb and adjust to align with building lines and with each other. 
Secure to prevent movement.

N. Install accessories furnished with each luminaire.

O. Make wiring connections to branch circuit using building wire with insulation suitable for temperature
conditions within fixture; use flexible conduit.

P. Connect luminaires to branch circuit outlets provided under Section 26 0537 using flexible conduit.

Q. Make wiring connections to branch circuit using building wire with insulation suitable for temperature
conditions within luminaire.

R. Bond products and metal accessories to branch circuit equipment grounding conductor.

S. Install specified lamps in each luminaire.

T. Exit Signs:
1. Unless otherwise indicated, connect unit to unswitched power from same circuit feeding normal

lighting in same room or area. Bypass local switches, contactors, or other lighting controls.

3.4 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect each product for damage and defects.

C. Perform field inspection in accordance with Section 01 4000.

D. Operate each luminaire after installation and connection to verify proper operation.

E. Test self-powered exit signs and emergency lighting units to verify proper operation upon loss of normal
power supply.

F. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or replace
excessively noisy ballasts as determined by DEDC, LLC.

3.5 ADJUSTING

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as directed by
DEDC, LLC. Secure locking fittings in place.

B. Exit Signs with Field-Selectable Directional Arrows:  Set as indicated or as required to properly designate
egress path as directed by DEDC, LLC or authority having jurisdiction.

C. Aim and adjust fixtures as directed.
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3.6 CLEANING

A. Clean surfaces according to NECA 500 (commercial lighting), NECA 502 (industrial lighting), and
manufacturer's instructions to remove dirt, fingerprints, paint, or other foreign material and restore
finishes to match original factory finish.

B. Clean electrical parts to remove conductive and deleterious materials.

C. Remove dirt and debris from enclosures.

D. Clean finishes and touch up damage.

3.7 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.

B. Just prior to Substantial Completion, replace all lamps that have failed.

3.8 PROTECTION

A. Protect installed luminaires from subsequent construction operations.

3.9 PROTECTION

A. Replace luminaires that have failed lamps or drivers at Substantial Completion.

3.10 SCHEDULE - SEE DRAWINGS

END OF SECTION
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SECTION 26 5600 - EXTERIOR LIGHTING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Exterior luminaires.

B. Ballasts.

C. Poles and accessories.

D. Luminaire accessories.

1.2 RELATED REQUIREMENTS

A. Section 03 3000 - Cast-in-Place Concrete:  Materials and installation requirements for concrete bases for
poles.

B. Section 26 0526 - Grounding and Bonding for Electrical Systems.

C. Section 26 0529 - Hangers and Supports for Electrical Systems.

D. Section 26 0533.16 - Boxes for Electrical Systems.

1.3 REFERENCE STANDARDS

A. IEEE C2 - National Electrical Safety Code; 2017.

B. IES LM-79 - Approved Method: Electrical and Photometric Measurements of Solid-State Lighting
Products; 2008.

C. IES LM-80 - Approved Method: Measuring Luminous Flux and Color Maintenance of LED Packages,
Arrays, and Modules; 2015, with Errata (2017).

D. NECA 1 - Standard for Good Workmanship in Electrical Construction; 2015.

E. NECA/IESNA 501 - Standard for Installing Exterior Lighting Systems; 2006.

F. NEMA 410 - Performance Testing for Lighting Controls and Switching Devices with Electronic Drivers
and Discharge Ballasts; 2016.

G. NEMA LE 4 - Recessed Luminaires, Ceiling Compatibility; 2012.

H. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

I. UL 1598 - Luminaires; Current Edition, Including All Revisions.

J. UL 8750 - Light Emitting Diode (LED) Equipment for Use in Lighting Products; Current Edition, Including
All Revisions.
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1.4 ADMINISTRATIVE REQUIREMENTS

A. Coordination:
1. Coordinate placement of poles and associated foundations with utilities, curbs, sidewalks, trees,

walls, fences, striping, etc. installed under other sections or by others. Coordinate elevation to
obtain specified foundation height.

2. Notify DEDC, LLC of any conflicts or deviations from Contract Documents to obtain direction prior to
proceeding with work.

1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Shop Drawings:
1. Indicate dimensions and components for each luminaire that is not a standard product of the

manufacturer.
2. Provide photometric calculations where luminaires are proposed for substitution upon request.

C. Product Data:  Provide manufacturer's standard catalog pages and data sheets including detailed
information on luminaire construction, dimensions, ratings, finishes, mounting requirements, listings,
service conditions, photometric performance, weight, effective projected area (EPA), and installed
accessories; include model number nomenclature clearly marked with all proposed features.
1. LED Luminaires:

a. Include estimated useful life, calculated based on IES LM-80 test data.

1.6 QUALITY ASSURANCE

A. Comply with requirements of NFPA 70.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Receive, handle, and store products according to NECA/IESNA 501 and manufacturer's written
instructions.

B. Keep products in original manufacturer's packaging and protect from damage until ready for installation.

1.8 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

B. Provide five year manufacturer warranty for all LED luminaires, including drivers.

PART 2  PRODUCTS

2.1 LUMINAIRE TYPES

A. Furnish products as indicated in luminaire schedule included on the drawings.

B. Substitutions:  See Section 01 6000 - Product Requirements.
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2.2 LUMINAIRES

A. Provide products that comply with requirements of NFPA 70.

B. Provide products that are listed and labeled as complying with UL 1598, where applicable.

C. Provide products listed, classified, and labeled as suitable for the purpose intended.

D. Unless otherwise indicated, provide complete luminaires including lamp(s) and all sockets, ballasts,
reflectors, lenses, housings and other components required to position, energize and protect the lamp
and distribute the light.

E. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, connectors,
hardware, poles, foundations, supports, trims, accessories, etc. as necessary for a complete operating
system.

F. Provide products suitable to withstand normal handling, installation, and service without any damage,
distortion, corrosion, fading, discoloring, etc.

G. Provide luminaires listed and labeled as suitable for wet locations unless otherwise indicated.

H. Recessed Luminaires:
1. Ceiling Compatibility:  Comply with NEMA LE 4.
2. Luminaires Recessed in Insulated Ceilings:  Listed and labeled as IC-rated, suitable for direct

contact with insulation and combustible materials.
3. Luminaires Recessed in Sloped Ceilings:  Provide suitable sloped ceiling adapters.

I. LED Luminaires:
1. Components:  UL 8750 recognized or listed as applicable.
2. Tested in accordance with IES LM-79 and IES LM-80.
3. LED Estimated Useful Life:  Minimum of 50,000 hours at 70 percent lumen maintenance, calculated

based on IES LM-80 test data.

J. LED Tape Lighting Systems:  Provide all power supplies, drivers, cables, connectors, channels, covers,
mounting accessories, and interfaces as necessary to complete installation.
1. LED Tape - General Requirements:

a. Listed.
b. Designed for field cutting in accordance with listing.

2.3 DRIVERS

A. Drivers - General Requirements:
1. Minimum Efficiency/Efficacy:  Provide drivers complying with all current applicable federal and state

ballast efficiency/efficacy standards.
2.  Electronic Ballasts/Drivers:  Inrush currents not exceeding peak currents specified in NEMA 410.

B. Dimmable LED Drivers:
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1. Dimming Range:  Continuous dimming from 100 percent to five percent relative light output unless
dimming capability to lower level is indicated, without flicker.

2. Control Compatibility:  Fully compatible with the dimming controls to be installed.

2.4 POLES

A. All Poles:
1. Provide poles and associated support components suitable for the luminaire(s) and associated

supports and accessories to be installed.
2. Material:  Steel, unless otherwise indicated.
3. Shape:  Round straight, unless otherwise indicated.
4. Finish:  Match luminaire finish, unless otherwise indicated.
5. Mounting:  Install on concrete foundation, height as indicated on the drawings, unless otherwise

indicated.

2.5 ACCESSORIES

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that outlet boxes are installed in proper locations and at proper mounting heights and are properly
sized to accommodate conductors in accordance with NFPA 70.

C. Verify that suitable support frames are installed where required.

D. Verify that branch circuit wiring installation is completed, tested, and ready for connection to luminaires.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.2 PREPARATION

A. Provide extension rings to bring outlet boxes flush with finished surface.

B. Clean dirt, debris, plaster, and other foreign materials from outlet boxes.

3.3 INSTALLATION

A. Coordinate locations of outlet boxes provided under Section 26 0533.16 as required for installation of
luminaires provided under this section.

B. Install products in accordance with manufacturer's instructions.

C. Install luminaires in accordance with NECA/IESNA 501.

D. Provide required support and attachment in accordance with Section 26 0529.

E. Install luminaires plumb and square and aligned with building lines and with adjacent luminaires.
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F. Recessed Luminaires:
1. Install trims tight to mounting surface with no visible light leakage.
2. Luminaires Recessed in Fire-Rated Ceilings:  Install using accessories and firestopping materials to

meet regulatory requirements for fire rating.

G. Wall-Mounted Luminaires:  Unless otherwise indicated, specified mounting heights are to bottom of
luminaire.

H. Pole-Mounted Luminaires:
1. Maintain the following minimum clearances:

a. Comply with IEEE C2.
b. Comply with utility company requirements.

2. Foundation-Mounted Poles:
a. Install foundations plumb.
b. Install poles plumb, using leveling nuts or shims as required to adjust to plumb.
c. Tighten anchor bolt nuts to manufacturer's recommended torque.
d. Install non-shrink grout between pole anchor base and concrete foundation, leaving small

channel for condensation drainage.
3. Grounding:

a. Bond luminaires, metal accessories, metal poles, and foundation reinforcement to branch
circuit equipment grounding conductor.

4. Install separate service conductors, 12 AWG copper, from each luminaire down to handhole for
connection to branch circuit conductors.

I. Install accessories furnished with each luminaire.

J. Bond products and metal accessories to branch circuit equipment grounding conductor.

K. Install lamps in each luminaire.

3.4 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for additional requirements.

B. Inspect each product for damage and defects.

C. Operate each luminaire after installation and connection to verify proper operation.

D. Correct wiring deficiencies and repair or replace damaged or defective products. Repair or replace
excessively noisy ballasts as determined by DEDC, LLC.

3.5 ADJUSTING

A. Aim and position adjustable luminaires to achieve desired illumination as indicated or as directed by
DEDC, LLC. Secure locking fittings in place.
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3.6 CLEANING

A. Clean surfaces according to NECA/IESNA 501 and manufacturer's instructions to remove dirt,
fingerprints, paint, or other foreign material and restore finishes to match original factory finish.

3.7 CLOSEOUT ACTIVITIES

A. See Section 01 7800 - Closeout Submittals, for closeout submittals.

B. Just prior to Substantial Completion, replace all lamps that have failed.

3.8 PROTECTION

A. Protect installed luminaires from subsequent construction operations.

END OF SECTION
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SECTION 27 1000 - DATA & VOICE COMMUNICATIONS CABLING

PART 1 GENERAL

1.1 RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and
Division 1 Specification Sections, apply to this section.

1.2 SUMMARY

A. This section includes the following:
1. Data & Voice Communications Cabling Standards

B. Related Sections:  The following sections contain requirements that relate to this section:
1. Division 16 Electrical Materials and Methods sections.

1.3 SUBMITTALS

A. General:  Submit each item in this Article according to the Conditions of the Contract and Division 1
Specification Sections.

B. Product Data for the following products:
1. Cable
2. Data & Voice jacks and faceplates

1.4 DELIVERY, STORAGE AND HANDLING

A. Store and handle cable and hardware to prevent damage during construction.

B. Store and handle device boxes and conduit to prevent damage during construction.

PART 2 PRODUCTS & MANUFACTURERS

2.1 AVAILABLE MANUFACTURERS:  SUBJECT TO COMPLIANCE WITH REQUIREMENTS, THE FOLLOWING
PRODUCTS MAY BE INCORPORATED IN THE WORK:

2.2 PLENUM CATEGORY 6 CABLE

A. 23 AWG, 4 pair, White for Voice & Data
1. Commscope Part # 7504 (1000 ft. reel)
2. Commscope Part # 7504 (1000 ft. tote box)
3. HITACHI Part # 30183-8 (1000 ft. reel)
4. HITACHI Part # 30183-8 (1000 ft. tote box)
5. Hubbell Part # C6SPW (1000 ft. reel)
6. Hubbell Part # C6RPW (1000 ft. tote box)

2.3 CATEGORY 6 DATA & VOICE JACKS

A. Hubbell  Part #HXJ6EI
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1. T568B, Electrical Ivory

B. Or approved Equal

2.4 FACEPLATES FOR DATA & VOICE

A. Hubbell Part # IFP14EI  (4 Port Plate)
1. IFP PLATES SINGLE-GANG Electrical Ivory

B. Or approved Equal

C. Hubbell Part #  P630SR1GC6
1. Recessed 8-position Category 6, gray jack, RJ45
2. Only for wall phones

D. Or approved Equal

2.5 BLANK DUST COVERS FOR FACEPLATES

A. Hubbell Part # SFBE10

B. Or approved Equal

2.6 BLANK DUST COVERS FOR DATA & VOICE JACKS

A. Hubbell Part # HXJDC25

B. Or approved Equal

2.7 TERMINATION TOOLS

A. Punch Down Tool with 110 Blade, BIX Blade & 66 Blade.
1. When terminating on the new Hubbell CAT 6 jacks for both DATA & VOICE, the tools of choice is:

PUNCH-DOWN TOOL,(1-PUNCH) Part number - HUBBELL  TX4P.
2. Or approved Equal

2.8 TERMINATION TOOLS

A. Punch Down Tool with 110 Blade, BIX Blade & 66 Blade.
1. When terminating on the new Hubbell CAT 6 jacks for both DATA & VOICE, the tools of choice is:

PUNCH-DOWN TOOL,(1-PUNCH) Part number - HUBBELL  TX4P.
2. Or approved Equal

2.9 WALL/FLOOR/DECKING PENETRATION FIRE RATED PATHWAY (EZ-PATH)

A. Single Series 44 Pathway Through Finished Walls
1. Part Number  EZDP44

a. Single Wall Plate Kit is designed to allow a single Series 44 Pathway to be installed in a 6 in.
(152 mm) round opening or 4-1/8 in (105 mm) x 4-5/8 in (118 mm) opening.

2. Or approved Equal
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B. Single Series 44 Pathway Through Floors
1. Part Number EZDP144FK

a. Circular Wall Plate Kits allow a single Series 33 Pathway to be installed in a 4 in. (102 mm)
round opening or 3 in. (76 mm) x 3 in. (76 mm) square opening.

2. Part Number  EZDP133CWK
a. The Split Floor Plate Kit is designed to allow a single Series 44 Pathway to be installed in a 6

in. (152 mm) round opening or 4-1/8 in. (105 mm) x 4-5/8 in. (118 mm) opening. Split plate is
designed to permit use with previously installed cables.

3. Or approved Equal

C. Multiple or Ganged Pathway Installations
1. Part Number  EZP544W

a. Multi-Gang Wall Brackets are designed to allow 1 to 5 Series 44 Pathways to be installed in
finished walls or as the wall is being built. Plates attach directly to studs and pathways are
installed prior to application of gypsum board. Brackets are suitable for attachment to studs
spaced up to 24 in. (610 mm). Single Wall Plate Kit is designed to allow a single Series 44
Pathway to be installed in a 6 in. (152 mm) round opening or 4-1/8 in (105 mm) x 4-5/8 in (118
mm) opening.

2. Or approved Equal

D. Series 44 Pathways Modular Floor Grid Systems utilize the high volume
1. Part Number  EZDG444 Capacity: 4 Pathways

a. Sold complete with grid and pathways.
b. Multi-Gang Wall Brackets are designed to allow 1 to 5 Series 44 Pathways to be installed in

finished walls or as the wall is being built. Plates attach directly to studs and pathways are
installed prior to application of gypsum board. Brackets are suitable for attachment to studs
spaced up to 24 in. (610 mm). Single Wall Plate Kit is designed to allow a single Series 44
Pathway to be installed in a 6 in. (152 mm) round opening or 4-1/8 in. (105 mm) x 4-5/8 (118
mm) opening.

2. Or approved Equal

E. NOTE:  Ordering Details
1. • Plate packs include plates, gaskets, set screws and labels.
2. • Purchase Pathways (EZD44) and appropriate fasteners separately.

PART 3 EXECUTION

3.1 EXAMINATION

A. Prior to starting work, examine condition of site and existing hardware already in place with Owner's
Representative present.  Check all existing lines and levels indicated.  Report any discrepancies with the
construction documents, in writing, to the Owner's Representative.
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3.2 CONTRACTOR QUALIFICATIONS AND TRAINING

A. The Contractor shall be fully conversant and capable in the cabling of low voltage applications such as,
but not limited to data, voice and imaging network systems.  The Contractor shall at a minimum possess
the following qualifications:
1. Possess those licenses/permits required to perform both Data  & Telecommunications installations

in the specified jurisdiction.
2. Provide references of the type of installation provide in this specification.
3. Personnel knowledgeable in local, state, province and national codes, and regulations.  All work

shall comply with the latest revision of the codes or regulations.  When conflict exists between local
or national codes or regulations, the most stringent codes or regulations shall be followed.

4. Be in business a minimum of five (5) years.
5. Must possess current liability insurance certificates.

3.3 INSTALLATION OF WALL/FLOOR/DECKING PENETRATION

A. Contractor shall provide and install approved Penetration Firestop Sleeve System. All data, video, and
communications cable bundles shall utilize an enclosed fire rated pathway device wherever said cables
penetrate rated walls. The fire-rated pathway shall contain a built-in fire sealing system sufficient to
maintain the hourly fire rating of the barrier being penetrated. The self-contained sealing system shall
automatically adjust to the installed cable loading and shall permit cables to be installed, removed, or
retrofitted without the need to adjust, remove or reinstall firestop materials.

3.4 INSTALLATION OF CABLING

A. Contractor shall provide and install data & voice cables from device jack to specified data termination
closet, where end will be rolled up for future termination by the City.  Contractor shall terminate cables at
wiring device end and clearly label both ends with Owner's numbering system.

B. Materials to be furnished may be subject to inspection at the factory, in the warehouse or in the field by
the Owner's Representative or by qualified inspectors retained by the Owner's Representative.

C. Install all elements of the data & voice communications system in accordance with Division 16 Basic
Materials and Methods Sections.

D. All Category 6 data wiring to be installed in accordance with IEEE/EIA/TIA 802.3 standards for 100
BASE-TX.

E. All Category 6 voice wiring will be installed in accordance with Telephone and Communications Industry
Standards.

F. All UTP and fiber optic cables shall conform to ANSI/TIA/EIA-568-B       Commercial Building
Telecommunications Cabling Standard (latest amendment and including all applicable addenda) and
ISO/IEC 11801 (International) Generic Cabling for Customer Premises standard (latest amendment and
including all applicable addenda).

G. All communications wiring shall be installed in a 4” square 2 1/8” deep back box with a single gang tile
ring, with a 1" conduit stubbed above the ceiling, not to exceed four per conduit and four jacks per box.
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Any additional wiring shall require additional conduit and back boxes. Again not to exceed four wires per
conduit and per back box.

3.5 LABELING FOR DATA

A. Each new wire should be labeled as follows; closet # - patch panel letter - port # (Example: 6131-A-001). 
Labels shall be located 1/4"-1" from both ends of each wire.  The jack faceplate of each new wire shall be
similarly labeled.  The contractor shall also label the front of each patch panel port with a P-TOUCH label
showing the room number of the corresponding jack.  The Owner's Representative will provide the closet
number, patch panel letter(s) and available patch panel port numbers.

3.6 LABELING FOR VOICE

A. Device outlets (FACEPLATES) are to be labeled with the closet number and  followed by a hyphen then
letter “V” followed  by cable number. (Example:L106-V001, 2, 3, etc. )

B. Terminal BIX blocks in the closet are to be labeled with room number and  followed by hyphen then letter
“V” followed by cable number.  (Example:L856-V001, 2, 3, etc.)

C. Wire labels shall be located 1/4"-1" from both ends of the cable with the closet number and cable number
(Example:L106-V001).
1. (Example:L106-V001)
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3.7 TESTING FOR DATA

A. Each installed twisted pair cable shall be tested, using a Fluke/Microtest DPS-4300 series or
OMNIScanner2. When running the AUTO TEST feature the following test will executed, Length,
Attenuation, Near End Crosstalk (NEXT) Loss, Power Sum Near-End Crosstalk (PSNEXT) Loss, Equal
Level Far-End Crosstalk (ELFEXT),Power Sum Equal Level Far-End Crosstalk (PSELFEXT), Return
Loss, Propagation Delay (ANSI/TIA/EIA-568-B-1), Longitudinal Conversion Loss (LCL), Attenuation to
Crosstalk Ratio (ACR), Power Sum Attenuation to Crosstalk Ratio (PSACR) from both ends.  Each circuit
number will be identified using the same labeling scheme as required on the jack faceplate.  Test results
will be provided to the Owners Representative in both hard copy and soft copy on CD as specified in the
Reports section.   The Contractor may propose an equivalent testing method by submitting full
documentation thereof for review by the Owner's Representative.

B. All Category 6 channels are qualified for linear transmission performance up to 300 MHz to ensure that
high-frequency voltage phase and magnitude contributions do not prove cumulative or adversely affect
channel performance.

C. All UTP field testers shall be factory calibrated each calendar year by the field test equipment
manufacturer as stipulated by the manuals provided with the field test unit.  The calibration certificate
shall be provided for review prior to the start of testing.

D. Autotest settings provided in the field tester for testing the installed cabling shall be set to the default
parameters.



Reading Fire Department
9th & Marion Fire Station
Addendum 4 August 20, 2021

MANNS WOODWARD STUDIOS INC

DATA & VOICE COMMUNICATIONS CABLING 27 1000 - 7

E. Test settings selected from options provided in the field testers shall be compatible with the installed
cable under test.

3.8 TESTING FOR VOICE

A. Testing for voice wires will consist of wire map and continuity.

3.9 JACK TERMINATIONS

A. Hubbell quad wall jack plate shall be used whenever a new wire for data & voice jacks are required,
unless specified otherwise.  If there is an existing data & voice jack within two feet of the new jack
location, the existing data & voice jack shall be upgraded to a Hubbell quad wall jack.

B. Sockets 1 and 2, in that order, will normally be occupied by voice (telephone) connections.  Sockets 4
and 3, in that order, will normally be the data positions on the quad jack.  If 6 port single gang plate is
required data will start in position 6 and work backwards. If there is no need for voice connections,
positions 2 and 1, in that order, may be used for data jacks but only at the discretion of the Owner's
Representative.

C. Data Termination
1. Use RJ45-TIA/EIA-568-B Configurations
2. NO SPLITTING OF PAIRS, one jack equals one cable

D. Voice Termination
1. Use RJ45-TIA/EIA-568-B Configurations
2. NO SPLITTING OF PAIRS, one jack equals one cable

PART 4 ADMINISTRATION DOCUMENTATION

4.1 DRAWINGS

A. As-built drawing shall be supplied by the contractor showing the locations of and identifiers for all:
1. Horizontal cable routing and terminations
2. Telecommunications outlets/connectors
3. Backbone cable routing and terminations

4.2 REPORTS

A. All wires installed in the project shall be tested and documented with the completed documentation being
turned over to the Owners Representative with all As Built Documentation.

4.3 DATA TEST RESULTS

A. Each data wire will be tested as specified in Section 3.6. Each record must contain the identifier as
specified in Labeling Section.3.4.  Final results will be provided in both hard copy and soft copy format,
preferably CD.
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4.4 VOICE TEST RESULTS

A. Each voice wire will be tested as specified in Section 3.7.  Each record must contain the identifier as
specified in Labeling Section 3.5.  The final voice report shall be in hard copy and soft copy format
preferably CD.

END OF SECTION
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SECTION 28 4600 - FIRE DETECTION AND ALARM

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Fire alarm system design and installation, including all components, wiring, and conduit.

B. System Carbon Monoxide Detectors.

C. System Combination Smoke/Carbon Monoxide Detectors.

D. Transmitters for communication with supervising station. 

E. Replacement and removal of existing fire alarm system components, wiring, and conduit indicated.

F. Maintenance of fire alarm system under contract for specified warranty period.

1.2 RELATED REQUIREMENTS

A. Section 07 8400 - Firestopping:  Materials and methods for work to be performed by this installer.

B. Section 08 7100 - Door Hardware:  Electrically operated locks and door holder devices to be monitored
and released by fire alarm system.

C. Section 21 1300 - Fire-Suppression Sprinkler Systems:  Supervisory, alarm, and actuating devices
installed in sprinkler system.

D. Section 23 3300 - Air Duct Accessories:  Smoke dampers monitored and controlled by fire alarm system.

E. Section 26 0548 - Vibration and Seismic Controls for Electrical Systems:  Requirements for the seismic
qualification of equipment specified in this section.

1.3 REFERENCE STANDARDS

A. 36 CFR 1191 - Americans with Disabilities Act (ADA) Accessibility Guidelines for Buildings and Facilities;
Architectural Barriers Act (ABA) Accessibility Guidelines; current edition.

B. ADA Standards - Americans with Disabilities Act (ADA) Standards for Accessible Design; 2010.

C. IEEE C62.41.2 - IEEE Recommended Practice on Characterization of Surges in Low-Voltage (1000 V
and less) AC Power Circuits; 2002 (Corrigendum 2012).

D. NFPA 70 - National Electrical Code; Most Recent Edition Adopted by Authority Having Jurisdiction,
Including All Applicable Amendments and Supplements.

E. NFPA 72 - National Fire Alarm and Signaling Code; 2016.

F. NFPA 101 - Life Safety Code; Most Recent Edition Adopted by Authority Having Jurisdiction, Including All
Applicable Amendments and Supplements.
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1.4 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Proposal Documents:  Submit the following with cost/time proposal:
1. NFPA 72 "Record of Completion", filled out to the extent known at the time.
2. Manufacturer's detailed data sheet for each control unit, initiating device, and notification appliance.
3. Certification by Contractor that the system design will comply with Contract Documents.
4. Proposed maintenance contract.

C. Drawings must be prepared using AutoCAD Release 2015 or higher.
1. Owner will provide floor plan drawings for Contractor's use; verify all dimensions on

Owner-provided drawings.

D. Evidence of designer qualifications.

E. Design Documents:  Submit all information required for plan review and permitting by authorities having
jurisdiction, including but not limited to floor plans, riser diagrams, and description of operation:
1. Copy (if any) of list of data required by authority having jurisdiction.
2. NFPA 72 "Record of Completion", filled out to the extent known at the time.
3. Clear and concise description of operation, with input/output matrix similar to that shown in NFPA

72 Appendix A-7-5-2.2(9), and complete listing of software required.
4. System zone boundaries and interfaces to fire safety systems.
5. Location of all components, circuits, and raceways; mark components with identifiers used in

control unit programming.
6. Circuit layouts; number, size, and type of raceways and conductors; conduit fill calculations; spare

capacity calculations; notification appliance circuit voltage drop calculations.
7. List of all devices on each signaling line circuit, with spare capacity indicated.
8. Manufacturer's detailed data sheet for each component, including wiring diagrams, installation

instructions, and circuit length limitations.
9. Air-Sampling Smoke Detection Systems:  Include air-sampling pipe network layout with sampling

ports identified; include calculations demonstrating compliance with specified requirements.
10. Description of power supplies; if secondary power is by battery include calculations demonstrating

adequate battery power.
11. Certification by either the manufacturer of the control unit or by the manufacturer of each other

component that the components are compatible with the control unit.
12. Certification by the manufacturer of the control unit that the system design complies with Contract

Documents.
13. Certification by Contractor that the system design complies with Contract Documents.

F. Manufacturer's equipment seismic qualification certification.

G. Evidence of installer qualifications.

H. Evidence of instructor qualifications; training lesson plan outline.

I. Evidence of maintenance contractor qualifications, if different from installer.
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J. Inspection and Test Reports:
1. Submit inspection and test plan prior to closeout demonstration.
2. Submit documentation of satisfactory inspections and tests.
3. Submit NFPA 72 "Inspection and Test Form," filled out.

K. Operating and Maintenance Data:  See Section 01 7800 for additional requirements; revise and resubmit
until acceptable; have one set available during closeout demonstration:
1. Complete set of specified design documents, as approved by authority having jurisdiction.
2. Additional printed set of project record documents and closeout documents, bound or filed in same

manuals.
3. Contact information for firm that will be providing contract maintenance and trouble call-back

service.
4. List of recommended spare parts, tools, and instruments for testing.
5. Replacement parts list with current prices, and source of supply.
6. Detailed troubleshooting guide and large scale input/output matrix.
7. Preventive maintenance, inspection, and testing schedule complying with NFPA 72; provide printed

copy and computer format acceptable to Owner.
8. Detailed but easy to read explanation of procedures to be taken by non-technical administrative

personnel in the event of system trouble, when routine testing is being conducted, for fire drills, and
when entering into contracts for remodeling.

L. Project Record Documents:  See Section 01 7800 for additional requirements; have one set available
during closeout demonstration:
1. Complete set of floor plans showing actual installed locations of components, conduit, and zones.
2. "As installed" wiring and schematic diagrams, with final terminal identifications.
3. "As programmed" operating sequences, including control events by device, updated input/output

chart, and voice messages by event.

M. Closeout Documents:
1. Certification by manufacturer that the system has been installed in compliance with manufacturer's

installation requirements, is complete, and is in satisfactory operating condition.
2. NFPA 72 "Record of Completion", filled out completely and signed by installer and authorized

representative of authority having jurisdiction.
3. Certificate of Occupancy.
4. Maintenance contract.

N. Maintenance Materials, Tools, and Software:  Furnish the following for Owner's use in maintenance of
project.
1. Furnish spare parts of same manufacturer and model as those installed; deliver in original

packaging, labeled in same manner as in operating and maintenance data and place in spare parts
cabinet.

2. In addition to the items in quantities indicated in PART 2, furnish the following:
a. All tools, software, and documentation necessary to modify the fire alarm system using

Owner's personnel; minimum modification capability to include addition and deletion of
devices, circuits, and zones, and changes to system description, operation, and evacuation
and instructional messages.

Reading Fire Department 23A Mechanical Re-Bid 

9th & Marion Fire Station  

Bid/Permit Set September 13, 2021 
MANNS WOODWARD STUDIOS INC 

https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072
https://global.ihs.com/doc_detail.cfm?rid=BSD&document_name=NFPA%2072


Reading Fire Department
9th & Marion Fire Station
Bid Set June 21, 2021

MANNS WOODWARD STUDIOS INC

FIRE DETECTION AND ALARM 28 4600 - 4
  

b. One copy, on CD-ROM, of all software not resident in read-only-memory.
c. Extra Fuses:  Two for each installed fuse; store inside applicable control cabinet.

1.5 QUALITY ASSURANCE

A. Designer Qualifications:  NICET Level III or IV (3 or 4) certified fire alarm technician or registered fire
protection engineer, employed by fire alarm control panel manufacturer, Contractor, or installer, with
experience designing fire alarm systems in the jurisdictional area of the authorities having jurisdiction.

B. Installer Qualifications:  Firm with minimum 3 years documented experience installing fire alarm systems
of the specified type and providing contract maintenance service as a regular part of their business.
1. Authorized representative of control unit manufacturer; submit manufacturer's certification that

installer is authorized; include name and title of manufacturer's representative making certification.
2. Installer Personnel:  At least 2 years of experience installing fire alarm systems.
3. Supervisor:  NICET level III or IV (3 or 4) certified fire alarm technician; furnish name and address.
4. Contract maintenance office located within 50 miles of project site.
5. Certified in Pennsylvania as fire alarm installer.

C. Maintenance Contractor Qualifications:  Same entity as installer or different entity with specified
qualifications.

D. Instructor Qualifications:  Experienced in technical instruction, understanding fire alarm theory, and able
to provide the required training; trained by fire alarm control unit manufacturer.

1.6 WARRANTY

A. See Section 01 7800 - Closeout Submittals, for additional warranty requirements.

B. Provide control panel manufacturer's warranty that system components other than wire and conduit are
free from defects and will remain so for 1 year after date of Substantial Completion.

C. Provide installer's warranty that the installation is free from defects and will remain so for 1 year after date
of Substantial Completion.

PART 2  PRODUCTS

2.1 MANUFACTURERS

A. Fire Alarm Control Units:  Provided their products meet or exceed the performance of the basis of design
product, products of the following are acceptable:
1. Honeywell Security & Fire Solutions/Silent Knight; 6820:  www.silentknight.com/#sle.

B. Initiating Devices and Notification Appliances:
1. Provide initiating devices and notification appliances made by the same fire alarm control panel

manufacturer, where possible.

2.2 FIRE ALARM SYSTEM

A. Fire Alarm System:  Provide a new automatic fire detection and alarm system:
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1. Provide all components necessary, regardless of whether shown in Contract Documents or not.
2. Protected Premises:  Entire building shown on drawings.
3. Comply with the following; where requirements conflict, order of precedence of requirements is as

listed:
a. ADA Standards.
b. The requirements of the State Fire Marshal.
c. The requirements of the local authority having jurisdiction .
d. Applicable local codes.
e. Contract Documents (drawings and specifications).
f. NFPA 101.
g. NFPA 72; where the word "should" is used consider that provision mandatory; where conflicts

between requirements require deviation from NFPA 72, identify deviations clearly on design
documents.

4. Evacuation Alarm:  Multiple smoke zones; allow for evacuation notification of any individual zone or
combination of zones, in addition to general evacuation of entire premises.  Sleeping areas shall be
provided with 520MHz Low Frequency Square wave type speaker/strobes.

5. General Evacuation Zones:  Each smoke zone is considered a general evacuation zone unless
otherwise indicated, with alarm notification in all zones on the same floor, on the floor above, and
the floor below.

6. Hearing Impaired Occupants:  Provide visible notification devices in all public areas and in dwelling
units.

7. Master Control Unit (Panel):  New, located at location as shown on plans.

B. Supervising Stations and Fire Department Connections:
1. Means of Transmission to Remote Supervising Station:  Digital Alarm Communication Transmitter

with VOIP (IP-DACT).

C. Circuits:
1. Initiating Device Circuits (IDC): Class B, Style A.
2. Signaling Line Circuits (SLC) Within Single Building:  Class B, Style 0.5.
3. Signaling Line Circuits (SLC) Between Buildings:  Class A, Style 2.
4. Notification Appliance Circuits (NAC):  Class B, Style Y.

D. Spare Capacity:
1. Initiating Device Circuits:  Minimum 25 percent spare capacity.
2. Notification Appliance Circuits:  Minimum 25 percent spare capacity.
3. Speaker Amplifiers:  Minimum 25 percent spare capacity.
4. Fire Alarm Control Units:  Capable of handling all circuits utilized to capacity without requiring

additional components other than plug-in control modules.

E. Power Sources:
1. Primary:  Dedicated branch circuits of the facility power distribution system.
2. Secondary:  Storage batteries.
3. Capacity:  Sufficient to operate entire system for period specified by NFPA 72.
4. Each Computer System:  Provide uninterruptible power supply (UPS).
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F. Seismic Qualification:  Provide fire alarm system and associated components suitable for application
under the seismic design criteria specified in Section 26 0548 where required. Include certification of
compliance with submittals.

2.3 FIRE SAFETY SYSTEMS INTERFACES

A. Supervision:  Provide supervisory signals in accordance with NFPA 72 for the following:
1. Sprinkler water control valves.
2. Sprinkler room low temperature
3. Elevator shut-down control circuits.

B. Alarm:  Provide alarm initiation in accordance with NFPA 72 for the following:
1. Sprinkler water flow.
2. Kitchen hood suppression activation; also disconnect fuel source from cooking equipment upon

activation of fire alarm system.
3. Elevator lobby, elevator hoistway, and elevator machine room smoke detectors.
4. Duct smoke detectors.
5. Carbon Monoxide detectors.
6. Combination Smoke/ Carbon Monoxide detectors.
7. All initiating devices.

C. Trouble:  Provide trouble signals in accordance with NFPA 72 for the following:
1. Open circuits, shorts, and grounds in designated circuits.
2. Opening, tampering with, or removing alarm-initiating and supervisory signal-initiating devices.
3. Loss of communication with any addressable sensor, input module, relay, control module, remote

annunciator, printer interface, or Ethernet module.
4. Loss of primary power at fire-alarm control unit.
5. Ground or a single break in internal circuits of fire-alarm control unit.
6. Abnormal ac voltage at fire-alarm control unit.
7. Break in standby battery circuitry.
8. Failure of battery charging.
9. Abnormal position of any switch at fire-alarm control unit or annunciator.

D. Elevators:
1. Elevator lobby, hoistway, and machine room smoke detectors:  Elevator recall for fire fighters'

service.
2. Elevator Machine Room Heat Detector:  Shut down elevator power prior to hoistway sprinkler

activation.
3. Sprinkler pressure or waterflow:  Shut down elevator power prior to hoistway sprinkler activation.

E. HVAC:
1. Duct Smoke Detectors:  Close dampers indicated; shut down air handlers indicated.

F. Doors:
1. Electromagnetic Door Locks on Egress Doors:  Unlock upon activation of any alarm initiating device

or suppression system in smoke zone that doors serve as egress from. Refer to Section 08 7100.
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2.4 COMPONENTS

A. General:
1. Provide flush mounted units where installed in finish areas; in unfinished areas, surface mounted

unit are acceptable.
2. Provide legible, permanent labels for each control device, using identification used in operation and

maintenance data.

B. Fire Alarm Control Units:  Analog, addressable type; listed, classified, and labeled as suitable for the
purpose intended.

C. Master Control Unit:  As specified for Basis of Design above, or equivalent.

D. Remote Annunciators:  _______.

E. Initiating Devices:
1. Addressable Systems:

a. Addressable Devices:  Individually identifiable by addressable fire alarm control unit.
b. Provide suitable addressable interface modules as indicated or as required for connection to

conventional (non-addressable) devices and other components that provide a dry closure
output.

2. Manual Pull Stations:  Double-action.
a. Provide 1 extra.

3. Smoke Detectors:  Photoelectric.
a. Provide 1 extra.

4. Duct Smoke Detectors:  Photoelectric.  Provide with remote test and indicating lamp.
a. Provide 1 extra.

5. Carbon Monoxide Detectors:
a. Provide 1 extra.

6. Combination Smoke/ Carbon Monoxide Detectors:
a. Provide 1 extra.

7. Heat Detectors:  _______.
a. Provide 1 extra.

8. Addressable Interface Devices:  Provide monitor modules and control relays as required..
a. Provide 1 extra.

F. Notification Appliances:
1. Horns  _______.

a. Provide 1 extra.
2. Horn/Strobes.

a. Provide 1 extra.
3. 520MHz Low Frequency Horn/Strobes

a. Provide 1 extra.
4. Strobes:  _______.

a. Provide 1 extra.

G. Circuit Conductors:  Copper; provide 200 feet extra; color code and label.
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H. Surge Protection:  In accordance with IEEE C62.41.2 category B combination waveform and NFPA 70;
except for optical fiber conductors.
1. Equipment Connected to Alternating Current Circuits:  Maximum let through voltage of 350 V(ac),

line-to-neutral, and 350 V(ac), line-to-line; do not use fuses.
2. Initiating Device Circuits, Notification Appliance Circuits, and Communications Circuits:  Provide

surge protection at each point where circuit exits or enters a building; rated to protect applicable
equipment; for 24 V(dc) maximum dc clamping voltage of 36 V(dc), line-to-ground, and 72 V(dc),
line-to-line.

3. Signaling Line Circuits:  Provide surge protection at each point where circuit exits or enters a
building, rated to protect applicable equipment.

I. Locks and Keys:  Deliver keys to Owner.
1. Provide the same standard lock and key for each key operated switch and lockable panel and

cabinet; provide 5 keys of each type

J. Instruction Charts:  Printed instruction chart for operators, showing steps to be taken when a signal is
received (normal, alarm, supervisory, and trouble); easily readable from normal operator's station.
1. Frame:  Stainless steel or aluminum with polycarbonate or glass cover.
2. Provide one for each control unit where operations are to be performed.
3. Obtain approval of Owner prior to mounting; mount in location acceptable to Owner.
4. Provide extra copy with operation and maintenance data submittal.

K. Storage Cabinet for Spare Parts and Tools:  Steel with baked enamel finish, size appropriate to quantity
of parts and tools.
1. Padlock eye and hasp for lock furnished by Owner.
2. Locate as directed by Owner.

PART 3  EXECUTION

3.1 INSTALLATION

A. Install in accordance with applicable codes, NFPA 72, NFPA 70, and Contract Documents.

B. Conceal all wiring, conduit, boxes, and supports where installed in finished areas.

C. Obtain Owner's approval of locations of devices, before installation.

D. Install instruction cards and labels.

3.2 INSPECTION AND TESTING FOR COMPLETION

A. Notify Owner 7 days prior to beginning completion inspections and tests.

B. Notify authorities having jurisdiction and comply with their requirements for scheduling inspections and
tests and for observation by their personnel.

C. Provide the services of the installer's supervisor or person with equivalent qualifications to supervise
inspection and testing, correction, and adjustments.
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D. Prepare for testing by ensuring that all work is complete and correct; perform preliminary tests as
required.

E. Provide all tools, software, and supplies required to accomplish inspection and testing.

F. Perform inspection and testing in accordance with NFPA 72 and requirements of local authorities;
document each inspection and test.

G. Correct defective work, adjust for proper operation, and retest until entire system complies with Contract
Documents.

H. Diagnostic Period:  After successful completion of inspections and tests, Operate system in normal mode
for at least 14 days without any system or equipment malfunctions.
1. Record all system operations and malfunctions.
2. If a malfunction occurs, start diagnostic period over after correction of malfunction.
3. Owner will provide attendant operator personnel during diagnostic period; schedule training to allow

Owner personnel to perform normal duties.
4. At end of successful diagnostic period, fill out and submit NFPA 72 "Inspection and Testing Form."

3.3 OWNER PERSONNEL INSTRUCTION

A. Provide the following instruction to designated Owner personnel:
1. Hands-On Instruction:  On-site, using operational system.

B. Administrative:  One-hour session(s) covering issues necessary for non-technical administrative staff;
classroom:
1. Initial Training:  1 session pre-closeout.

C. Basic Operation:  One-hour sessions for attendant personnel, security officers, and engineering staff;
combination of classroom and hands-on:
1. Initial Training:  1 session pre-closeout.

D. Furnish the services of instructors and teaching aids; have copies of operation and maintenance data
available during instruction.

3.4 CLOSEOUT

A. Closeout Demonstration:  Demonstrate proper operation of all functions to Owner.
1. Be prepared to conduct any of the required tests.
2. Have at least one copy of operation and maintenance data, preliminary copy of project record

drawings, input/output matrix, and operator instruction chart(s) available during demonstration.
3. Have authorized technical representative of control unit manufacturer present during

demonstration.
4. Demonstration may be combined with inspection and testing required by authority having

jurisdiction; notify authority having jurisdiction in time to schedule demonstration.
5. Repeat demonstration until successful.

B. Occupancy of the project will not occur prior to Substantial Completion.
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C. Substantial Completion of the project cannot be achieved until inspection and testing is successful and:
1. Specified diagnostic period without malfunction has been completed.
2. Approved operating and maintenance data has been delivered.
3. Spare parts, extra materials, and tools have been delivered.
4. All aspects of operation have been demonstrated to Owner.
5. Final acceptance of the fire alarm system has been given by authorities having jurisdiction.
6. Occupancy permit has been granted.
7. Specified pre-closeout instruction is complete.

3.5 MAINTENANCE

A. See Section 01 7000 - Execution and Closeout Requirements, for additional requirements relating to
maintenance service.

B. Provide to Owner, a proposal as an alternate to the base bid, for a maintenance contract for entire
warranty period, to include the work described below; include the total cost of contract, proposal to be
valid at least until 30 days after date of Substantial Completion.

C. Perform routine inspection, testing, and preventive maintenance required by NFPA 72, including:
1. Maintenance of fire safety interface and supervisory devices connected to fire alarm system.
2. Repairs required, unless due to improper use, accidents, or negligence beyond the control of the

maintenance contractor.
3. Record keeping required by NFPA 72 and authorities having jurisdiction.

D. Provide trouble call-back service upon notification by Owner:
1. Provide on-site response within 2 hours of notification.
2. Include allowance for call-back service during normal working hours at no extra cost to Owner.
3. Owner will pay for call-back service outside of normal working hours on an hourly basis, based on

actual time spent at site and not including travel time; include hourly rate and definition of normal
working hours in maintenance contract.

E. Provide a complete description of preventive maintenance, systematic examination, adjustment,
cleaning, inspection, and testing, with a detailed schedule.

F. Maintain a log at each fire alarm control unit, listing the date and time of each inspection and call-back
visit, the condition of the system, nature of the trouble, correction performed, and parts replaced.  Submit
duplicate of each log entry to Owner's representative upon completion of site visit.

G. Comply with Owner's requirements for access to facility and security.

END OF SECTION
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SECTION 311000 
SITE CLEARING 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions 
and Division 01 Specification Sections, apply to this Section. 

1.3 SUMMARY 

A. Section Includes: 

1. Protecting existing vegetation to remain. 
2. Removing existing vegetation. 
3. Clearing and grubbing. 
4. Stripping and stockpiling topsoil. 
5. Removing above- and below-grade site improvements. 
6. Disconnecting, capping or sealing, and removing site utilities. 
7. Temporary erosion- and sedimentation-control measures. 

1.4 DEFINITIONS 

A. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic 
matter and soil organisms. 

B. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  In 
undisturbed areas, the surface soil is typically topsoil; but in disturbed areas such as urban 
environments, the surface soil can be subsoil. 

C. Topsoil:  Top layer of the soil profile consisting of existing native surface topsoil or existing in-
place surface soil and is the zone where plant roots grow. 

D. Topsoil:  Top layer of the soil profile consisting of existing native surface topsoil or existing in-
place surface soil and is the zone where plant roots grow.  Its appearance is generally friable, 
pervious, and black or a darker shade of brown, gray, or red than underlying subsoil; reasonably free 
of subsoil, clay lumps, gravel, and other objects more than 2 inches in diameter; and free of subsoil 
and weeds, roots, toxic materials, or other nonsoil materials. 
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E. Plant-Protection Zone:  Area surrounding individual trees, groups of trees, shrubs, or other 
vegetation to be protected during construction, and indicated on Drawings. 

F. Tree-Protection Zone:  Area surrounding individual trees or groups of trees to be protected during 
construction, and indicated on Drawings “to remain”. 

G. Vegetation:  Trees, shrubs, groundcovers, grass, and other plants. 

1.5 MATERIAL OWNERSHIP 

A. Except for stripped topsoil and other materials indicated to be stockpiled or otherwise remain 
Owner's property, cleared materials shall become Contractor's property and shall be removed from 
Project site. 

1.6 INFORMATIONAL SUBMITTALS 

A. Existing Conditions:  Documentation of existing trees and plantings, adjoining construction, and site 
improvements that establishes preconstruction conditions that might be misconstrued as damage 
caused by site clearing. 

1. Use sufficiently detailed photographs or videotape. 
2. Include plans and notations to indicate specific wounds and damage conditions of each tree or 

other plants designated to remain. 

B. Record Drawings:  Identifying and accurately showing locations of capped utilities and other 
subsurface structural, electrical, and mechanical conditions. 

1.7 QUALITY ASSURANCE 

A. Preinstallation Conference:  Conduct conference at Project site. 

1.8 PROJECT CONDITIONS 

A. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or 
used facilities during site-clearing operations. 

1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without 
permission from Owner and authorities having jurisdiction. 

2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or 
authorities having jurisdiction. 

B. Salvable Improvements:  Carefully remove items indicated to be salvaged and store on Owner's 
premises where indicated. 

C. Utility Locator Service:  Notify One Call for area where Project is located before site clearing. 
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D. Do not commence site clearing operations until temporary erosion- and sedimentation-control 
measures are in place. 

E. The following practices are prohibited within protection zones: 

1. Storage of construction materials, debris, or excavated material. 
2. Parking vehicles or equipment. 
3. Foot traffic. 
4. Erection of sheds or structures. 
5. Impoundment of water. 
6. Excavation or other digging unless otherwise indicated. 
7. Attachment of signs to or wrapping materials around trees or plants unless otherwise 

indicated. 

F. Do not direct vehicle or equipment exhaust towards protection zones. 

G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones. 

H. Soil Stripping, Handling, and Stockpiling:  Perform only when the topsoil is dry or slightly moist. 

PART 2 - PRODUCTS 

2.1 MATERIALS 

A. Satisfactory Soil Material:  Requirements for satisfactory soil material are specified in 
Section 312000 "Earth Moving." 

1. Obtain approved borrow soil material off-site when satisfactory soil material is not available 
on-site. 

PART 3 - EXECUTION 

3.1 PREPARATION 

A. Protect and maintain benchmarks and survey control points from disturbance during construction. 

B. Locate and clearly identify trees, shrubs, and other vegetation to remain.  Flag each tree trunk at 54 
inches above the ground. 

C. Protect existing site improvements to remain from damage during construction. 

1. Restore damaged improvements to their original condition, as acceptable to Owner. 

3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL 

A. Provide temporary erosion- and sedimentation-control measures to prevent soil erosion and 
discharge of soil-bearing water runoff or airborne dust to adjacent properties and walkways, 
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according to erosion- and sedimentation-control Drawings and requirements of authorities having 
jurisdiction. 

B. Verify that flows of water redirected from construction areas or generated by construction activity 
do not enter or cross protection zones. 

C. Inspect, maintain, and repair erosion- and sedimentation-control measures during construction until 
permanent vegetation has been established. 

D. Remove erosion and sedimentation controls and restore and stabilize areas disturbed during 
removal. 

3.3 TREE AND PLANT PROTECTION 

A. Repair or replace trees, shrubs, and other vegetation indicated to remain or be relocated that are 
damaged by construction operations, in a manner approved by Engineer. 

3.4 EXISTING UTILITIES 

A. Locate, identify, disconnect, and seal or cap utilities indicated to be removed. 

1. Arrange with utility companies to shut off indicated utilities. 
2. Owner will arrange to shut off indicated utilities when requested by Contractor. 

B. Locate, identify, and disconnect utilities indicated to be abandoned in place. 

C. Interrupting Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or 
others unless permitted under the following conditions and then only after arranging to provide 
temporary utility services according to requirements indicated: 

1. Notify Engineer not less than two days in advance of proposed utility interruptions. 
2. Do not proceed with utility interruptions without Engineer's written permission. 

D. Excavate for and remove underground utilities indicated to be removed. 

3.5 CLEARING AND GRUBBING 

A. Remove obstructions, trees, shrubs, and other vegetation to permit installation of new construction. 

1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated. 
2. Grind down stumps and remove roots, obstructions, and debris to a depth of 18 inches below 

exposed subgrade. 
3. Use only hand methods for grubbing within protection zones. 
4. Chip removed tree branches and dispose of off-site. 

B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material unless 
further excavation or earthwork is indicated. 
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1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, and compact 
each layer to a density equal to adjacent original ground. 

3.6 TOPSOIL STRIPPING 

A. Remove sod and grass before stripping topsoil. 

B. Strip topsoil to depth of 6 inches in a manner to prevent intermingling with underlying subsoil or 
other waste materials. 

1. Remove subsoil and nonsoil materials from topsoil, including clay lumps, gravel, and other 
objects more than 2 inches in diameter; trash, debris, weeds, roots, and other waste materials. 

C. Stockpile topsoil away from edge of excavations without intermixing with subsoil.  Grade and shape 
stockpiles to drain surface water.  Cover to prevent windblown dust and erosion by water. 

1. Limit height of topsoil stockpiles to 35 feet. 
2. Do not stockpile topsoil within protection zones. 
3. Stockpile surplus topsoil to allow for respreading deeper topsoil. 
4. Straw mulch and seed. 

3.7 SITE IMPROVEMENTS 

A. Remove existing above- and below-grade improvements as indicated and necessary to facilitate new 
construction. 

B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated. 

1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut along line of 
existing pavement to remain before removing adjacent existing pavement.  Saw-cut faces 
vertically. 

2. Paint cut ends of steel reinforcement in concrete to remain with two coats of antirust coating, 
following coating manufacturer's written instructions.  Keep paint off surfaces that will 
remain exposed. 

3.8 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

A. Remove unsuitable topsoil, obstructions, demolished materials, and waste materials including trash 
and debris, and legally dispose of them off Owner's property. 

B. Excess suitable soil should be taken to existing stockpile on Owner’s property as shown on plans 
(requires the installation of stone haul road). 

C. Separate recyclable materials produced during site clearing from other nonrecyclable materials.  
Store or stockpile without intermixing with other materials and transport them to recycling facilities.  
Do not interfere with other Project work. 

 
END OF SECTION 311000 
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SECTION 312000 
EARTHWORK 

 

PART 1 - GENERAL 
 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this 
reference thereto, and shall have the same force and effect as if printed herewith in full. 

 
1.2 SUMMARY 

A. Subgrade preparation, excavating, backfilling, and compaction. 
B. Contractor shall pay for services of a testing agency. 

 
1.3 REFERENCES 

A.  Geotechnical Engineering Report – Not available. 

B. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 
1. D 1557 Laboratory Compaction Characteristics of Soil Using Modified Effort (56,000 

ft-lbf/ft3 (2,700 kN-m/m3.)). 
2. D 2216 Laboratory Determination of Water (Moisture) Content of Soil, and Rock. 
3. D 2487 Classification of Soils for Engineering Purposes (Unified Soil Classification 

System). 
4. Commonwealth of Pennsylvania, Department of Transportation, Specifications, 

Publication 408 (PENNDOT 408). 
 

1.4 SUBMITTALS 
 

A. Material Test Reports:  
1. Classification according to ASTM D 2487 of each on-site or borrow soil material 

proposed for fill and backfill. 
2. Laboratory compaction curve according to ASTM D 1557 for each on-site or borrow 

soil material proposed for fill and backfill; provide for each material type and for every 
5,000 cubic yards of each material. 

 
1.5 QUALITY CONTROL TESTING 

 
A. The Contractor shall perform all necessary Quality Control tests and procedures for the 

performance of the work, in accordance with Section 014000 and this section, to produce end 
results specified. The Contractor’s Quality Control Agent shall maintain clear and orderly records 
of such tests and procedures and make them available for field review and approval of the 
Professional and the Department. The Contractor’s bid shall include the cost of all Quality 
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Control tests and inspections.  
 

B. The Contractor shall submit its plan for Quality Control testing to the Professional and the 
Department for review and comments. The Professional shall consult with its Quality Assurance 
Agent in arriving at its opinion.  

 
C. Quality Control tests shall include tests on fill material, optimum moisture content and maximum 

density and field density tests of fill layers. The Quality Control Agent shall comment on the 
suitability of all subgrades, and the subgrades shall be acceptable to the Consulting Geotechnical 
Engineer.  

 
D. Handwritten copies of filed test reports shall be provided to the Contractor. They shall be given to 

the Contractor and Assistant Project Coordinator (APC) within two (2) hours of completion, but 
in no event shall the technician leave the site without providing the Contractor and APC with a 
copy of the test results. This shall include density, % moisture, plan location, elevation, 
comments and any other relevant data. Comments shall include any condition that might have 
adverse effect on the operations, including weather, drainage, etc.  

 
E. The Contractor shall request consultation with the Consulting Geotechnical Engineer on any 

problems that arise during construction. Copies of the daily in-place soil density tests shall be 
faxed to the consultant by the Contractor through the testing agency within twenty-four (24) 
hours of the time the tests are made.  

 
F. The Contractor shall approve each subgrade and each fill layer before proceeding to the next 

layer. Any area which does not meet density, % moisture or other requirements at any time, shall 
be suitably reworked and retested by the Contractor at his own expense.  

 
G. The Professional and/or the Department will perform all Quality Assurance Testing and 

Inspection Services deemed necessary for the assurance of the Professional and/or the 
Department. This does not relieve the Contractor of his responsibilities. The Department will bear 
the cost of Quality Assurance tests and inspections.  

 
1.6 DEFINITIONS 

 
A. Degree of Compaction: Degree of compaction required is expressed as a percentage of the 

maximum density obtained by the test procedure presented in ASTM D 1557 abbreviated 
hereinafter as percent laboratory maximum density. For granular material, relative density is 
determined in accordance with ASTM D 4254. 

 
B. Hard Material: Weathered rock, dense consolidated deposits, or buried construction debris (i.e., 

demolished brick walls, concrete, etc.) which are not included in the definition of “rock” but 
which usually require the use of heavy excavation equipment, ripper teeth, or jack hammers for 
removal. 

 
C. Rock: Rock material in beds, ledges, unstratified masses, and conglomerate deposits and boulders 

of rock material exceeding 1 cubic yard. for bulk excavation or 3/4 cubic yard that cannot be 
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removed by rock excavating equipment without systematic drilling, ram hammering, ripping. 
 

D. Subgrade: Surface or elevation remaining after completing excavation, or top surface of a fill or 
backfill immediately below base or topsoil materials. 

 
E. Subbase: Material shown on the Drawings between the pavement base and subgrade. 

 
 

1.7 REGULATORY COMPLIANCE 
 

A. Codes and Standards: Perform earthwork complying with federal, state, and local regulations 
including the Occupational Safety and Health Act of 1970 as amended. Excavation and trenching 
are regulated by OSHA. The Contractor shall perform all excavation and trenching work in 
accordance with 29 CFR 1926 Subpart P. 

 
1.8 PROJECT CONDITIONS 

 
A. BASIS OF CONTRACT 

 
1. Excavation for this Project shall be considered unclassified and shall include all 

types of earth and soil, any pebbles, boulders, and bedrock, municipal trash, rubbish 
and garbage and all types of debris of the construction industry such as wood, stone, 
concrete, plaster, brick, mortar, steel and iron shapes, pipe, wire, asphaltic materials, 
paper and glass. Unclassified excavation does not include unforeseen concrete 
foundations, walls, or slabs. All such materials encountered which are identified by 
this paragraph as unclassified shall be removed to the required widths and depths to 
create a finished product as shown and/or noted on the drawings and as written in 
the specifications. No additional compensation shall be made to the contractor for 
this unclassified excavation. The materials defined by this paragraph as unclassified 
will not be considered to be concealed conditions or unknown physical conditions 
below the surface of the ground for purposes of interpreting the language in the 
General Conditions of the Construction Contract. 

 
B. Utility Identification: Notify PA One-Call System at 1-800-242-1776 at least 15 days prior to 

excavation. 
 

C. Demolish and completely remove from site existing underground utilities indicated to be 
removed. Coordinate with utility companies to shut off services if lines are active. 

 
D. Existing improvements, adjacent property, and other facilities and trees and plants that are not to 

be removed shall be protected from injury or damage, which may result from Contractor’s 
operation. 

 
1.9 APPROVAL OF BEARING STRATA 
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A. The Contractor shall furnish adequate advance notification to the Department and the 
Professional of times when footing excavations or paving subgrades are to be completed, so that 
the Construction Stage Geotech Quality Assurance Agent can verify that the bearing quality of 
the soil has been properly inspected and/or tested by the Contractor. Formwork and concreting 
shall follow only after approval by the Construction Stage Geotech Quality Assurance Agent. 
 

B. Should the bearing at the levels indicated be found by the Professional and the Department to be 
inadequate, they may order the excavation carried down to sound bearing. Such excavation shall 
be classed as additional work and payment be made on the basis of an agreed price according to 
the General Conditions. Should suitable bearing be found at a lesser depth than indicated, the 
Professional and the Department may order the reduction of exaction specified or shown on the 
drawings, and the Contractor shall allow a credit for excavation thus omitted on the same basis. 

PART 2 - PRODUCTS 
 

2.1 SOIL MATERIALS 
 

A. General: Provide borrow soil materials when sufficient satisfactory soil or suitable backfill 
materials are not available from excavations. Material must meet the definition of clean fill as 
defined by the Pennsylvania Department of Environmental Protection (PADEP). 
 

B. Satisfactory Soil Materials: ASTM D 2487 soil classification groups GW, GP, GM, SW, SP and 
SM or a combination of these group symbols. 

 
1. Low plasticity (plasticity index less than 10). 
2. Maximum particles size of 2-inches in any direction for areas of structural fill beneath 

asphalt paving, concrete sidewalk & slabs, curbs, and equipment pads. Maximum 
particles size of 6-inches in any direction for areas of fill under all landscaped areas. 

3. Less than 2 percent deviation from optimum moisture content, as determined by ASTM 
D-1557, for areas of structural fill beneath asphalt paving, concrete sidewalk & slabs, 
curbs, and equipment pads. Less than 5 percent deviation from optimum moisture 
content, as determined by ASTM D-1557, for areas of fill under all landscaped areas. 

 
C. Unsatisfactory Soil Materials: ASTM D 2487 soil classification groups GC, SC, CL, ML, OL, 

CH, MH, OH and PT, or a combination of these group symbols, or materials not conforming to 
the requirements for satisfactory soils, including: 

 
1. Unsatisfactory soils also include satisfactory soils not maintained within 3 percent of 

optimum moisture content at time of compaction. 
2. Debris, waste, frozen materials, vegetation and other deleterious matter. 
3. Otherwise not meeting the requirements for satisfactory soil materials. 
4. Materials containing excessive amounts of deleterious materials including construction 

debris, wood, glass, ash, or organic material as determined by the Department or 
Professional. 
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D. Backfill and Fill Materials: Satisfactory soil materials. 
 

E. Structural Fill: Satisfactory soil materials. 
 

F. Base Course: 2A coarse aggregate, Type C or better, as specified in PENNDOT 408, Section 703 
- Aggregate. Material must meet the definition of clean fill as defined by PADEP.  Recycled 
crushed concrete or bricks will not be allowed. 

 
PART 3 - EXECUTION 

 
3.1 PREPARATION 

 
A. Protect existing utilities, sidewalks, structures, pavements, and other facilities to remain. 

 
B. Provide erosion-control measures to prevent erosion or displacement of soils and discharge of 

soil-bearing water runoff or airborne dust. Refer to Erosion and Sedimentation Control drawings 
and Pennsylvania Code Chapter 102. 

 
3.2 EXPLOSIVES 

 
A. Explosives: The use of explosives is prohibited on this Project. 

 
3.3 UNAUTHORIZED EXCAVATION 

 
A. Unauthorized excavations shall be filled with satisfactory fill materials and compacted in 

accordance with the relevant paragraphs of this Section. 
 

B. The Contractor is responsible for furnishing all materials, labor, supervision, tools, equipment, 
tools associated with unauthorized excavations without additional compensation. 

 
3.4 MOISTURE CONTROL 

 
A. Uniformly moisten or aerate subgrade and each subsequent fill or backfill layer before 

compaction to within 2 percent of optimum moisture content.  

3.5 COMPACTION OF BACKFILLS AND FILLS 
 

A. Place backfill and fill materials in layers not more than 8 inches in loose depth for material 
compacted by heavy compaction equipment (e.g. ten-ton heavy duty roller), and not more than 4 
inches in loose depth for material compacted by hand-operated tampers (e.g. jumping jack or 
walk behind roller). 

 
B. Compact soil to not less than the following percentages of maximum dry unit weight according 

ASTM D-1557: 
 

1. Under paving, slabs, sidewalks, equipment pads, and foundations, soils shall be 
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compacted to at least 95% of the maximum dry density as determined by ASTM D- 
1557. 

2. Under landscaped areas, soils shall be compacted to 90% of the maximum dry density 
as determined by ASTM D-1557. 

 
3.6 GRADING 

 
A. General: Uniformly grade areas to a smooth surface, free from irregular surface changes.  

3.7 SUBBASE AND BASE COURSES 
 

1. Under pavements and walks outside the right-of-way, place base course on prepared 
subgrade. 

 
3.8 PROTECTION 

 
A. Protect newly graded areas from traffic, freezing, and erosion. Keep free of trash and debris. 

 
B. Provide fencing, barricades, and/or protective barriers for all excavation. 

 
3.9 DISPOSAL OF SURPLUS AND WASTE MATERIALS 

 
A. Disposal: Remove surplus satisfactory soil and waste material, including unsatisfactory soil, 

trash, and debris, and legally dispose of it off site to a regulated and permitted facility. Provide 
two copies of load manifest and permit from owner of the property where material is deposited. 

 
END OF SECTION 322000 
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SECTION 31 2316.13 - TRENCHING

PART 1  GENERAL

1.1 SECTION INCLUDES

A. Backfilling and compacting for utilities outside the building to utility main connections.

1.2 PRICE AND PAYMENT PROCEDURES

A. Unit Price ____:  Excavating Soil Materials:
1. Measurement method:  By the cubic foot.
2. Includes:   Excavating to required elevations, loading and placing materials in stockpile, and

dewatering.
3. Does Not Include Over-Excavation:  Payment will not be made for over-excavated work nor for

replacement materials.

B. General Fill:  
1. Measurement Method:  By the cubic foot.
2. Includes:  Excavating existing soil, stockpiling, scarifying substrate surface, placing where required,

compacting, and dewatering.

C. Granular Fill:  
1. Measurement Method:  By the cubic foot.
2. Includes:  Excavating existing material, stockpiling, scarifying substrate surface, placing where

required, compacting, and dewatering.

D. Aggregates:  
1. Measurement Method:  By the cubic foot.
2. Includes:  Excavating existing material, stockpiling, scarifying substrate surface, placing where

required, compacting, and dewatering.

1.3 DEFINITIONS

A. Finish Grade Elevations:  Indicated on drawings.

1.4 REFERENCE STANDARDS

A. AASHTO T 180 - Standard Specification for Moisture-Density Relations of Soils Using a 4.54-kg (10-lb)
Rammer and a 457-mm (18 in.) Drop; 2018.

B. ASTM D698 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Standard
Effort (12,400 ft-lbf/ft3 (600 kN-m/m3)); 2012, with Editorial Revision (2015).

C. ASTM D1557 - Standard Test Methods for Laboratory Compaction Characteristics of Soil Using Modified
Effort (56,000 ft-lbf/ft3 (2,700 kN m/m3)); 2012, with Editorial Revision (2015).
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1.5 SUBMITTALS

A. See Section 01 3000 - Administrative Requirements, for submittal procedures.

B. Fill Composition Test Reports:  Results of laboratory tests on proposed and actual materials used.

C. Compaction Density Test Reports.

1.6 DELIVERY, STORAGE, AND HANDLING

A. When necessary, store materials on site in advance of need.

B. When fill materials need to be stored on site, locate stockpiles where indicated.
1. Separate differing materials with dividers or stockpile separately to prevent intermixing.
2. Prevent contamination.
3. Protect stockpiles from erosion and deterioration of materials.

PART 2  PRODUCTS

2.1 FILL MATERIALS

A. General Fill:  Conforming to State of Maryland Highway Department standard.

2.2 SOURCE QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for general requirements for testing and analysis of soil
material.

B. Where fill materials are specified by reference to a specific standard, test and analyze samples for
compliance before delivery to site.

C. If tests indicate materials do not meet specified requirements, change material and retest.

PART 3  EXECUTION

3.1 EXAMINATION

A. Verify that survey bench marks and intended elevations for the work are as indicated.

3.2 PREPARATION

A. Identify required lines, levels, contours, and datum locations.

B. Locate, identify, and protect utilities that remain and protect from damage.

C. Notify utility company to remove and relocate utilities.

D. Protect bench marks, survey control points, existing structures, fences, sidewalks, paving, and curbs
from excavating equipment and vehicular traffic.
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E. Protect plants, lawns, rock outcroppings, and other features to remain.

F. Grade top perimeter of trenching area to prevent surface water from draining into trench.  Provide
temporary means and methods, as required, to maintain surface water diversion until no longer needed,
or as directed by the DEDC, LLC.

3.3 TRENCHING

A. Notify DEDC, LLC of unexpected subsurface conditions and discontinue affected Work in area until
notified to resume work.

B. Slope banks of excavations deeper than 4 feet to angle of repose or less until shored.

C. Do not interfere with 45 degree bearing splay of foundations.

D. Cut trenches wide enough to allow inspection of installed utilities.

E. Hand trim excavations.  Remove loose matter.

F. Remove large stones and other hard matter that could damage piping or impede consistent backfilling or
compaction.

G. Remove excavated material that is unsuitable for re-use from site.

H. Remove excess excavated material from site.

I. Provide temporary means and methods, as required, to remove all water from trenching until directed by
the DEDC, LLC.  Remove and replace soils deemed unsuitable by classification and which are
excessively moist due to lack of dewatering or surface water control.

J. Determine the prevailing groundwater level prior to trenching.  If the proposed trench extends less than 1
foot into the prevailing groundwater, control groundwater intrusion with perimeter drains routed to sump
pumps, or as directed by the DEDC, LLC.

3.4 PREPARATION FOR UTILITY PLACEMENT

A. Cut out soft areas of subgrade not capable of compaction in place.  Backfill with general fill.

B. Compact subgrade to density equal to or greater than requirements for subsequent fill material.

C. Until ready to backfill, maintain excavations and prevent loose soil from falling into excavation.

3.5 BACKFILLING

A. Backfill to contours and elevations indicated using unfrozen materials.

B. Employ a placement method that does not disturb or damage other work.

C. Systematically fill to allow maximum time for natural settlement.  Do not fill over porous, wet, frozen or
spongy subgrade surfaces.
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D. Maintain optimum moisture content of fill materials to attain required compaction density.

E. Soil Fill:  Place and compact material in equal continuous layers not exceeding 8 inches compacted
depth.

F. Slope grade away from building minimum 2 inches in 10 feet, unless noted otherwise.  Make gradual
grade changes.  Blend slope into level areas.

G. Correct areas that are over-excavated.
1. Other areas:  Use general fill, flush to required elevation, compacted to minimum 97 percent of

maximum dry density.

H. Compaction Density Unless Otherwise Specified or Indicated:
1. At other locations:  95 percent of maximum dry density.

I. Reshape and re-compact fills subjected to vehicular traffic.

3.6 BEDDING AND FILL AT SPECIFIC LOCATIONS

A. Use general fill unless otherwise specified or indicated.

B. Utility Piping, Conduits, Duct Bank, and ______ and _____:
1. Bedding:  Use general fill.
2. Cover with general fill.
3. Fill up to subgrade elevation.
4. Compact in maximum 8 inch lifts to 95 percent of maximum dry density.

3.7 TOLERANCES

A. Top Surface of General Backfilling:  Plus or minus 1 inch from required elevations.

3.8 FIELD QUALITY CONTROL

A. See Section 01 4000 - Quality Requirements, for general requirements for field inspection and testing.

B. Evaluate results in relation to compaction curve determined by testing uncompacted material in
accordance with ASTM D1557 ("modified Proctor"), AASHTO T 180, or ASTM D698 ("standard Proctor").

C. If tests indicate work does not meet specified requirements, remove work, replace and retest.

3.9 CLEANING

A. Remove unused stockpiled materials, leave area in a clean and neat condition.  Grade stockpile area to
prevent standing surface water.

END OF SECTION
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SECTION 321216 
ASPHALT PAVING 

 

PART 1 - GENERAL 
 

1.1 STIPULATIONS 
 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this 
reference thereto, and shall have the same force and effect as if printed herewith in full. 

 
1.2 SUMMARY 

 
A. This section includes furnishing all labor, equipment, and materials for the installation and 

testing of bituminous paving and patching of pavements surfaces. 
 

1.3 REFERENCES 
 

A. Commonwealth of Pennsylvania, Department of Transportation (PENNDOT) 
1. Bulletin No. 15: Approved Construction Materials 

 
B. Asphalt Institute (AI): “The Asphalt Handbook” 

 
C. AMERICAN SOCIETY FOR TESTING AND MATERIALS (ASTM) 

 
1. ASTM D 692: Standard Specification for Coarse Aggregate for Bituminous Paving 

Mixtures 
2. ASTM D 2950: Standard Test Method for Density of Bituminous Concrete in Place by 

Nuclear Methods 

1.4 SUBMITTALS 
 

A. Product Data: For each product specified. Include technical data and tested physical and 
performance properties. 

 
B. Obtain materials from the same source throughout. 

 
1.5 PROJECT CONDITIONS 

 
1. Environmental Limitations: Do not apply asphalt materials if substrate is wet or 

excessively damp. 
 

PART 2 - PRODUCTS 
 

2.01 AGGREGATES 
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A. Coarse Aggregate: Sound, angular crushed stone; crushed gravel; complying with ASTM D 

692. 
 

B. Fine Aggregate: Sharp-edged natural sand or sand prepared from stone; gravel, complying with 
ASTM D 1073. 

 
2.02 ASPHALT MATERIALS 

 
A. Asphalt Binder:  ASTM D6373 binder designation PG 64-22. 

 
B. Tack Coat: Emulsified asphalt, E-8 during paving season, factory diluted in water, of suitable 

grade and consistency for application. 
 

PART 3 - EXECUTION 
 

3.01 EXAMINATION 
 

A. Verify that subgrade is dry and in suitable condition to support paving and imposed loads. 
B. Flexible pavement courses shall be installed in accordance with PENNDOT Publication 408, 

Section 400. 
 

C. Tack Coat 
 

1. Application of tack coat shall be in accordance with PENNDOT 408 Section 460. 
 

3.02 INSTALLATION TOLERANCES 
 

A. Thickness: Compact each course to produce the thickness indicated on the Drawings within the 
following tolerances: 

 
1. Base Course: Plus or minus ½ inch. 
2. Binder Course: Plus or minus ¼ inch. 
3. Wearing Surface Course: Plus ¼ inch, no minus. 

 
3.10 CLEANUP 

A. Remove bituminous material from utility structure frames and covers. Open and reset utility 
manhole covers and inlet grates to ensure castings are not sealed shut. 

 
B. Clean up debris and unused material, and remove from the site. Dispose of all material in 

accordance with local, state, and federal regulations. Do not dump material in manholes or 
inlets. 

 
END OF SECTION 321216 
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SECTION 321313 

SITE CONCRETE 
 

PART 1 - GENERAL 
 

1.1 STIPULATIONS 
 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this 
reference thereto, and shall have the same force and effect as if printed herewith in full. 

 
1.2 SUMMARY 

 
A. This Section includes the following: 

 
1. Concrete sidewalks. 
2. Concrete curbs. 
3. Concrete testing and inspection. 

 
1.3 REFERENCES 

 
A. The most current version of the publications listed below form a part of this specification to the 

extent referenced. The publications are referred to in the text by basic designation only. 
 

B. Commonwealth of Pennsylvania, Department of Transportation, Specifications, Publication 
408, (PENNDOT 408), except that measurement and payment sections do not apply. 

 
1.4 SUBMITTALS 

 
A. General: Submit each item in accordance with the General Requirements and Conditions of the 

Contract documents. 
 

B. Product Data: For each type of manufactured material and product indicated. 
 

C. Design Mixes: For each concrete pavement mix and class. Include alternate mix designs when 
characteristics of materials, project conditions, weather, test results, or other circumstances 
warrant adjustments. 

 
1.5 QUALITY CONTROL 

 
A. Installer Qualifications: An experienced installer who has completed pavement work similar in 

material, design, and extent to that required for this Project and whose work has resulted in 
construction with a record of successful in-service performance. 

 
PART 2 - PRODUCTS 
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2.1 CONCRETE MATERIALS 
 

A. Portland Cement: ASTM C 150, type IA. 
 

B. Normal-Weight Aggregates: ASTM C33, Class 4S, uniformly graded. Provide aggregates from a 
single source. 

C. Air-Entraining Admixture: ASTM C260/C260M. 

D. Water: Potable and complying with ASTM C94/C94M. 
 

2.2 STEEL REINFORCEMENT 
 

A. Plain-Steel Welded Wire Fabric: ASTM A1064, fabricated from as-drawn steel wire into 
flat sheets. 

 
B. Joint Dowel Bars: ASTM A 615, Grade 60. Cut bars true to length with ends square and free of 

burrs. 
 

C. Reinforcing Bars: ASTM A 615, Grade 60, deformed. 
 

2.3 RELATED MATERIALS 
 

A. Expansion-and-Isolation-Joint-filler-Strips: PENNDOT 408, Section 705.1. 
 

B. Joint Sealer: In accordance with Pennsylvania Department of Transportation Publication 408, 
Section 705.4. 
 

2.4 CONCRETE MIXES 
 

A. Prepare design mixes, proportioned according to PENNDOT Publication 408, for each type and 
strength of concrete. 

 
1. Slump Upper / Maximum Limit: 

a. Mix without water reducing admixtures: 5 inches 
b. Mix with water reducing admixtures: 6-1/2 inches 
c. Mix with high range water reducing admixtures (superplasticizers): 8 inches 

 
2.5 CONCRETE MIXING 

 
A. Ready-Mixed Concrete: Measure, batch, and mix concrete materials and concrete according to 

ASTM C94. Furnish batch certificates for each batch discharged and used in the Work. 

B. Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight concrete at 
point of placement having an air content as follows: 

1. Air Content: 6 percent plus or minus 1-1/2 percent. 

C. Chemical Admixtures: Use admixtures according to manufacturer's written instructions. 
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2.6 CONCRETE CURB 

 
1. Concrete curb shall be in accordance with PENNDOT Publication 72M, Standards for 

Roadway Construction, RC-64M, latest edition. 
 

PART 3 - EXECUTION 
 

3.1 PREPARATION 
 

A. Compact subgrade as indicated in Section 312000. Proceed with pavement only after 
nonconforming conditions have been corrected and subgrade and base course are stable and 
ready to receive pavement. Subgrade shall be in a moist condition when concrete is placed. 

 
3.2 STEEL REINFORCEMENT 

 
A. Comply with CRSI’s “Manual of Standard Practice” for fabricating reinforcement and with 

recommendation in CRSI’s “Placing Reinforcing bars” for placing and supporting 
reinforcement. 

3.3 JOINTS 
A. General: Form construction, isolation, and contraction joints and tool edges true to line, 

with faces perpendicular to surface plane of concrete. Construct transverse joints at right 
angles to centerline unless otherwise indicated. 
 

B. Construction Joints: Set construction joints at side and end terminations of paving and at 
locations where paving operations are stopped for more than one-half hour unless paving 
terminates at isolation joints. 
 

C. Isolation Joints: Form isolation joints of preformed joint-filler strips abutting concrete 
curbs, catch basins, manholes, inlets, structures, other fixed objects, and where indicated. 
 

D. Contraction Joints: Form weakened-plane contraction joints, sectioning concrete into areas 
as indicated. Construct contraction joints for a depth equal to at least one-fourth of the 
concrete thickness. 
 

E. Edging: After initial floating, tool edges of paving, gutters, curbs, and joints in concrete 
with an edging tool to a 1/4-inch radius. Repeat tooling of edges after applying surface 
finishes. 

3.4 FLOAT FINISHING 

B. General: Do not add water to concrete surfaces during finishing operations. 

C. Float Finish: Begin the second floating operation when bleedwater sheen has disappeared and 
concrete surface has stiffened sufficiently to permit operations. Float surface with power-driven floats 
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or by hand floating if area is small or inaccessible to power units. Finish surfaces to true planes. Cut 
down high spots and fill low spots. Refloat surface immediately to uniform granular texture. 
1. Medium-to-Fine-Textured Broom Finish: Draw a soft-bristle broom across float-finished 

concrete surface, perpendicular to line of traffic, to provide a uniform, fine-line texture. 
 

3.5 FIELD QUALITY CONTROL TESTING 
 

A. Testing Laboratory: As part of this contract the Contractor shall retain the services of an 
independent testing and inspection laboratory meeting the qualifications of paragraph 1.5.C 
to sample materials, perform tests and prepare and submit reports during concrete 
placement. 

 
B. Testing Services: Testing shall be performed according to the following requirements: 

 
1. Sampling Fresh Concrete: Representative samples of fresh concrete shall be obtained 

according to ASTM C 172, except modified for slump to comply with ASTM C 94. 
2. Air Content: ASTM C 231, pressure method; one test for each compressive-strength test, 

but not less than one test for each day’s pour of each type of air-entrained concrete. 
C. Test results shall be reported in writing to the Department and Professional, concrete 

manufacturer, and Contractor, within 24 hours of testing.  
 

D. Nondestructive Testing: Impact hammer, sonoscope, or other nondestructive device may be 
permitted by the Department and Professional but shall not be used as the sole basis for 
approval or rejection. 

3.11 PAVING TOLERANCES 

 
A. Comply with tolerances in ACI 117 and as follows: 

1. Elevation: 3/4 inch. 
2. Thickness: Plus 3/8 inch minus 1/4 inch. 
3. Surface: Gap below 10-feet-long; unleveled straightedge not to exceed 1/2 inch. 
4. Joint Spacing: 3 inches. 
5. Contraction Joint Depth: Plus 1/4 inch, no minus. 
6. Joint Width: Plus 1/8 inch, no minus. 

 
3.12 REPAIRS AND PROTECTION 

 
A. Remove and replace concrete pavement that is broken, damaged, or defective, or does not meet 

the requirements in this Section. Concrete sections shall be removed to the nearest regularly 
spaced joint. 

 
B. Repair Surface Defects in accordance with ACI 301. 

 
END OF SECTION 321313 
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SECTION 321723 

PAVEMENT MARKINGS 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 SUMMARY 

A. Section includes painted markings applied to asphalt and concrete pavement. 

1.3 ACTION SUBMITTALS 

A. Product Data: For each type of product. 

B. Samples: For each exposed product and for each color and texture specified. 

PART 2 - PRODUCTS 

2.1 MANUFACTURERS 

A. Manufacturers: Subject to compliance with requirements, provide products by one of the following: 

1. Aexcel Inc. 
2. Ennis-Flint. 
3. Sherwin-Williams Company (The). 
4. Transpo Industries, Inc. 

2.2 PERFORMANCE REQUIREMENTS 

A. Accessibility Standard: Comply with applicable provisions in the USDOJ's "2010 ADA Standards 
for Accessible Design". 

2.3 PAVEMENT-MARKING PAINT 

A. Pavement-Marking Paint: MPI #32, solvent-borne traffic-marking paint. 

http://www.specagent.com/Lookup?ulid=6888
http://www.specagent.com/Lookup?uid=123457072430
http://www.specagent.com/Lookup?uid=123457072438
http://www.specagent.com/Lookup?uid=123457072451
http://www.specagent.com/Lookup?uid=123457072452
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1. Color:  White, Yellow, or Blue as indicated on the plan. 

B. Pavement-Marking Paint: MPI #97, latex traffic-marking paint. 

1. Color:  White, Yellow, or Blue as indicated on the plan. 

PART 3 - EXECUTION 

3.1 PAVEMENT MARKING 

A. Do not apply pavement-marking paint until layout, colors, and placement have been verified with 
Architect. 

B. Allow paving to age for a minimum of 30 days before starting pavement marking. 

C. Sweep and clean surface to eliminate loose material and dust. 

D. Apply paint with mechanical equipment to produce pavement markings, of dimensions indicated, 
with uniform, straight edges. Apply at manufacturer's recommended rates to provide a minimum 
wet film thickness of 15 mils. 

1. Apply graphic symbols and lettering with paint-resistant, die-cut stencils. Apply paint so that 
it cannot run beneath stencil. 

END OF SECTION 321723 
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SECTION 329113 

SOIL PREPARATION 
 

PART 1 - GENERAL 
 
1.1 STIPULATIONS 

 
A. The specifications sections “General Conditions of the Construction Contract”, “Special 

Conditions”, and “Division 1 - General Requirements” form a part of this Section by this 
reference thereto, and shall have the same force and effect as if printed herewith in full. 

 
1.2 SUMMARY 

 
A. Section includes planting soils specified by composition of the mixes. 

 
B. Related Requirements: 

 
1. Section 329200 "Turf and Grasses" for placing planting soil for turf and grasses. 

 
1.3 DEFINITIONS 

 
A. AAPFCO: Association of American Plant Food Control Officials. 

 
B. Backfill: The earth used to replace or the act of replacing earth in an excavation. This can be 

amended or unamended soil as indicated. 
 

C. CEC: Cation exchange capacity. 
 

D. Compost: The product resulting from the controlled biological decomposition of organic material 
that has been sanitized through the generation of heat and stabilized to the point that it is 
beneficial to plant growth. 

 
E. Duff Layer: A surface layer of soil, typical of forested areas, that is composed of mostly decayed 

leaves, twigs, and detritus. 
 

F. Imported Soil: Soil that is transported to Project site for use. 
 

G. Layered Soil Assembly: A designed series of planting soils, layered on each other, that together 
produce an environment for plant growth. 

 
H. Manufactured Soil: Soil produced by blending soils, sand, stabilized organic soil amendments, 

and other materials to produce planting soil. 
 

I. NAPT: North American Proficiency Testing Program. An SSSA program to assist soil-, plant-, 
and water-testing laboratories through interlaboratory sample exchanges and statistical 
evaluation of analytical data. 
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J. Organic Matter: The total of organic materials in soil exclusive of undecayed plant and animal 
tissues, their partial decomposition products, and the soil biomass; also called "humus" or "soil 
organic matter." 

K. Planting Soil: Existing, on-site soil; imported soil; or manufactured soil that has been modified as 
specified with soil amendments and perhaps fertilizers to produce a soil mixture best for  plant 
growth. 

 
L. RCRA Metals: Hazardous metals identified by the EPA under the Resource Conservation and 

Recovery Act. 
 

M. SSSA: Soil Science Society of America. 
 

N. Subgrade: Surface or elevation of subsoil remaining after excavation is complete, or the top 
surface of a fill or backfill before planting soil is placed. 

 
O. Subsoil: Soil beneath the level of subgrade; soil beneath the topsoil layers of a naturally 

occurring soil profile, typified by less than 1 percent organic matter and few soil organisms. 
 

P. Surface Soil: Soil that is present at the top layer of the existing soil profile. In undisturbed areas, 
surface soil is typically called "topsoil"; but in disturbed areas such as urban environments, the 
surface soil can be subsoil. 

 
Q. USCC: U.S. Composting Council. 

 
1.4 ACTION SUBMITTALS 

 
A. Product Data: For each type of product. 

 
1. Include recommendations for application and use. 
2. Include test data substantiating that products comply with requirements. 
3. Include sieve analyses for aggregate materials. 
4. Material Certificates: For each type of imported soil and soil amendment and fertilizer 

before delivery to the site, according to the following: 
 

a. Manufacturer's qualified testing agency's certified analysis of standard products. 
b. Analysis of fertilizers, by a qualified testing agency, made according to AAPFCO 

methods for testing and labeling and according to AAPFCO's SUIP #25. 
c. Analysis of nonstandard materials, by a qualified testing agency, made according to 

SSSA methods, where applicable. 
 

1.5 INFORMATIONAL SUBMITTALS 
 

A. Soils Testing results for imported topsoil and samples obtained from the site with 
recommendations from the testing agency for soil treatments and soil amendments to be 
incorporated to produce satisfactory planting soil suitable for healthy, viable turf lawn indicated.  

B. Field quality-control reports. 
 

1.6 QUALITY CONTROL 
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A. Testing Agency Qualifications: An independent, state-operated, or university-operated 

laboratory; experienced in soil science, soil testing, and plant nutrition; with the experience and 
capability to conduct the testing indicated; and that specializes in types of tests to be performed. 

 
1.7 REGULATORY COMPLIANCE 

 
A. Compliance with the following laws and regulations: Pennsylvania Agricultural Liming Materials 

Act of 1978, P.L. 15, No.9, as amended, Agricultural Liming Materials Rules & Regulations (7 
Pa. Code, Part V. Chapter 108), Pennsylvania Soil Conditioner and Plant Growth Substance Law, 
Act of December 1, 1977, Pl. 258, No. 86 (3P.S.68.2) as amended. 

 
PART 2 - PRODUCTS 

 
2.1 PLANTING SOILS SPECIFIED BY COMPOSITION 

 
A. General: Soil amendments, fertilizers, and rates of application specified in this article are 

guidelines that may need revision based on testing laboratory's recommendations after 
preconstruction soil analyses are performed. 

 
2.2 FERTILIZERS 

 
A. Superphosphate: Commercial, phosphate mixture, soluble; a minimum of 20 percent available 

phosphoric acid. 
 

B. Commercial Fertilizer: Commercial-grade complete fertilizer of neutral character, consisting of 
fast- and slow-release nitrogen, 50 percent derived from natural organic sources of urea 
formaldehyde, phosphorous, and potassium in the following composition: 

 
1. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil 

reports from a qualified testing agency. 
 

C. Slow-Release Fertilizer: Granular or pelleted fertilizer consisting of 50 percent water-insoluble 
nitrogen, phosphorus, and potassium in the following composition: 

 
1. Composition: Nitrogen, phosphorous, and potassium in amounts recommended in soil 

reports from a qualified testing agency. 
PART 3 - EXECUTION 

 
3.1 GENERAL 

 
A. Verify that no foreign or deleterious material or liquid such as paint, paint washout, concrete 

slurry, concrete layers or chunks, cement, plaster, oils, gasoline, diesel fuel, paint thinner, 
turpentine, tar, roofing compound, or acid has been deposited in planting soil. 

 
B. Proceed with placement only after unsatisfactory conditions have been corrected. 

 
3.2 PLACING AND MIXING PLANTING SOIL OVER EXPOSED SUBGRADE 
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A. General: Apply and mix unamended soil with amendments on-site to produce required planting 

soil. Do not apply materials or till if existing soil or subgrade is frozen, muddy, or excessively 
wet. 

 
B. Mixing: Spread unamended soil to total depth of 6 inches, but not less than required to meet 

finish grades after mixing with amendments and natural settlement. Do not spread if soil or 
subgrade is frozen, muddy, or excessively wet. 

 
1. Amendments: Apply soil amendments and fertilizer, if required, evenly on surface, and 

thoroughly blend them with unamended soil to produce planting soil. 
 

C. Compaction: Compact each blended lift of planting soil to 75 to 82 percent of maximum 
Standard Proctor density according to ASTM D 698 and tested in-place. 

 
D. Finish Grading: Grade planting soil to a smooth, uniform surface plane with loose, uniformly fine 

texture. Roll and rake, remove ridges, and fill depressions to meet finish grades. 
 

3.3 CLEANING 
 

A. Protect areas adjacent to planting-soil preparation and placement areas from contamination. Keep 
adjacent paving and construction clean and work area in an orderly condition. 

 
B. Remove surplus soil and waste material including excess subsoil, unsuitable materials, trash, and 

debris and legally dispose of them off Department's property unless otherwise indicated. 
 

END OF SECTION 329113 
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SECTION 329200 
 

TURF AND GRASSES 
 

PART 1 - GENERAL 
 

1.1 RELATED DOCUMENTS 
 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this 
reference thereto, and shall have the same force and effect as if printed herewith in full. 

 
1.2 SUMMARY 

 
A. Section Includes: 

 
1. Seeding. 
2. Hydroseeding. 

 
1.3 INFORMATIONAL SUBMITTALS 

 
A. Certification of Grass Seed 

1. Certification of each seed mixture for turfgrass sod. Include identification of source and 
name and telephone number of supplier. 

B. Pesticides and Herbicides: Product label and manufacturer's application instructions specific to 
Project. 
 

1.4 QUALITY CONTROL 
 

A. Installer Qualifications: A qualified landscape installer whose work has resulted in successful turf 
establishment. 

1.5 REGULATORY COMPLIANCE 
 

A. Comply with specifications of NPDES permit as primary, then follow 'B.' for other areas. 

B. Compliance with the following laws and regulations: Pennsylvania Seed Act of 1965 (Act No. 
187), Regulations of the Pennsylvania Department of Agriculture, Bureau of Plant Industry, 
Pennsylvania Soil Conditioner and Plant Growth Substance Law, Act of December 1, 1977, 
P.L. 258, No. 86 (3P.S.68.2) as amended. 

PART 2 - PRODUCTS 
 

2.01 SEED 
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A. Grass Seed: Fresh, clean, dry, new-crop seed complying with AOSA's "Rules for Testing Seeds" 
for purity and germination tolerances. 

 
B. Seed Species: 

 
1. Quality: State-certified seed of grass species as listed below for solar exposure. 
2. Temporary Seeding: 

 
a. 100% Annual Rye Grass 

 
3. Sun and Partial Shade: Proportioned by weight as follows: 

 
a. 70 percent perennial ryegrass (Lolium perenne). 
b. 30 percent red fescue (Festuca rubra variety). 

 
4. Shade: Proportioned by weight as follows: 

 
a. 35 percent chewings red fescue (Festuca rubra variety). 
b. 35 percent hard fescue (Festuca longifolia or duriuscula). 
c. 30 percent creeping red fescue ((Festuca rubra subp. rubra). 

PART 3 - EXECUTION 
 

3.01 EXAMINATION 
 

A. If contamination by foreign or deleterious material or liquid is present in soil within a planting 
area, remove the soil and contamination as directed by the Professional and replace with new 
planting soil. 

 
3.02 TURF AREA PREPARATION 

 
A. Before planting, obtain the Professionals acceptance of finish grading; restore planting areas if 

eroded or otherwise disturbed after finish grading. 
 

3.03 SEEDING 
 

A. Sow seed with spreader or seeding machine. Do not broadcast or drop seed when wind velocity 
exceeds 5 mph. 
 
2. Evenly distribute seed by sowing equal quantities in two directions at right angles to each 

other. 
3. Do not use wet seed or seed that is moldy or otherwise damaged. 

 
B. Sow seed at a total rate of: 

 
1. Temporary Seeding: 10 lb/1000 sq. ft. 
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2. Sun and Partial Shade: 2.5 lb/1000 sq. ft. 
3. Shade: 5 lb/1000 sq. ft 

 
C. Rake seed lightly into top 1/8 inch of soil, roll lightly, and water with fine spray. 

 
D. Protect seeded areas from hot, dry weather or drying winds by applying mushroom manure within 

24 hours after completing seeding operations. Soak areas, scatter mulch uniformly at a rate of 2-4 
cubic yards per 1000 sq. ft. and rake lightly. 

 
3.04 TURF RENOVATION 

 
A. Renovate turf damaged by Contractor's operations, such as storage of materials or equipment and 

movement of vehicles. 
 

3.05 SATISFACTORY TURF 
 

A. Turf installations shall meet the following criteria as determined by the Professional: 
 

1. Satisfactory Seeded Turf: At end of maintenance period, a healthy, uniform, close stand of 
grass has been established, free of weeds and surface irregularities, with coverage 
exceeding 90 percent over any 10 sq. ft. and bare spots not exceeding 5 by 5 inches. 

 
3.10 CLEANUP AND PROTECTION 

 
A. Promptly remove soil and debris created by turf work from paved areas. Clean wheels of vehicles 

before leaving site to avoid tracking soil onto roads, walks, or other paved areas. 
 

B. Remove surplus soil and waste material, including excess subsoil, unsuitable soil, trash, and 
debris, and legally dispose of them off the Department's property. 

 
C. Erect temporary fencing or barricades and warning signs as required to protect newly planted 

areas from traffic. Maintain fencing and barricades throughout initial maintenance period and 
remove after plantings are established. 

 
D. Remove nondegradable erosion-control measures after grass establishment period. 

 

 

 

END OF SECTION 329200 
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SECTION 330500 
COMMON WORK RESULTS FOR UTILITIES 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 SUMMARY 

A. This Section includes the following: 

1. Piping joining materials. 
2. Dielectric fittings. 
3. Sleeves. 
4. Identification devices. 
5. Grout. 
6. Piping system common requirements. 
7. Equipment installation common requirements. 
8. Concrete bases. 
9. Metal supports and anchorages. 

1.3 DEFINITIONS 

A. Exposed Installations: Exposed to view outdoors or subject to outdoor ambient temperatures and 
weather conditions. 

B. Concealed Installations: Concealed from view and protected from weather conditions and physical 
contact by building occupants but subject to outdoor ambient temperatures. Examples include 
installations within unheated shelters. 

1.4 ACTION SUBMITTALS 

A. Product Data: For the following: 

1. Dielectric fittings. 
2. Identification devices. 

B. Welding certificates. 
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1.5 QUALITY ASSURANCE 

A. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, 
"Structural Welding Code - Steel." 

B. Steel Piping Welding: Qualify processes and operators according to ASME Boiler and Pressure 
Vessel Code: Section IX, "Welding and Brazing Qualifications." 

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping." 
2. Certify that each welder has passed AWS qualification tests for welding processes involved 

and that certification is current. 

C. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of 
identification devices. 

PART 2 - PRODUCTS 

2.1 PIPING JOINING MATERIALS 

A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system 
contents. 

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness, unless 
otherwise indicated. 

a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges. 
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges. 

2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or 
ring type, unless otherwise indicated. 

B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated. 

C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system 
manufacturer, unless otherwise indicated. 

D. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to 
ASTM B 813. 

E. Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, 
unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless 
otherwise indicated. 

F. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for 
wall thickness and chemical analysis of steel pipe being welded. 

G. Solvent Cements for Joining Plastic Piping: 

1. ABS Piping: ASTM D 2235. 
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2. CPVC Piping: ASTM F 493. 
3. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656. 
4. PVC to ABS Piping Transition: ASTM D 3138. 

H. Fiberglass Pipe Adhesive: As furnished or recommended by pipe manufacturer. 

2.2 DIELECTRIC FITTINGS 

A. Dielectric Fittings, General: Assembly of copper alloy and ferrous materials or ferrous material 
body with separating nonconductive insulating material suitable for system fluid, pressure, and 
temperature. 

B. Dielectric Unions: 
1. Description: Factory fabricated, union, NPS 2 and smaller. 

a. Pressure Rating:  150 psig minimum at 180 deg F. 
b. End Connections: Solder-joint copper alloy and threaded ferrous; threaded ferrous. 

C. Dielectric Flanges: 
1. Description: Factory-fabricated, bolted, companion-flange assembly, NPS 2-1/2 to NPS 4 and 

larger. 

a. Pressure Rating:  150 psig minimum. 
b. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-joint 

copper alloy and threaded ferrous. 

D. Dielectric Couplings: 
1. Description: Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining, 

NPS 3 and smaller. 

a. Pressure Rating: 300 psig at 225 deg F. 
b. End Connections: Threaded. 

E. Dielectric Nipples: 
1. Description: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining. 

a. Pressure Rating:  300 psig at 225 deg F. 
b. End Connections: Threaded or grooved. 

2.3 SLEEVES 

A. Mechanical sleeve seals for pipe penetrations are specified in Section 220517 "Sleeves and Sleeve 
Seals for Plumbing Piping." 

B. Galvanized-Steel Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with welded 
longitudinal joint. 

C. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized, plain ends. 
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D. Cast-Iron Sleeves: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain 
ends and integral waterstop, unless otherwise indicated. 

E. Molded PVC Sleeves: Permanent, with nailing flange for attaching to wooden forms. 

F. PVC Pipe Sleeves: ASTM D 1785, Schedule 40. 

G. Molded PE Sleeves: Reusable, PE, tapered-cup shaped, and smooth outer surface with nailing 
flange for attaching to wooden forms. 

2.4 IDENTIFICATION DEVICES 

A. Equipment Nameplates: Metal permanently fastened to equipment with data engraved or stamped. 

1. Data: Manufacturer, product name, model number, serial number, capacity, operating and 
power characteristics, labels of tested compliances, and essential data. 

2. Location: Accessible and visible. 

B. Snap-on Plastic Pipe Markers: Manufacturer's standard preprinted, semirigid, snap-on type. Include 
color-coding according to ASME A13.1, unless otherwise indicated. 

C. Pipes with OD, Including Insulation, Less Than 6 Inches: Full-band pipe markers, extending 360 
degrees around pipe at each location. 

D. Pipes with OD, Including Insulation, 6 Inches and Larger: Either full-band or strip-type pipe 
markers, at least three times letter height and of length required for label. 

E. Lettering: Use piping system terms indicated and abbreviate only as necessary for each application 
length. 

1. Arrows: Either integrally with piping system service lettering to accommodate both directions 
of flow, or as separate unit on each pipe marker to indicate direction of flow. 

F. Plastic Tape: Manufacturer's standard color-coded, pressure-sensitive, self-adhesive vinyl tape, at 
least 3 mils thick. 

1. Width: 1-1/2 inches on pipes with OD, including insulation, less than 6 inches; 2-1/2 inches 
for larger pipes. 

2. Color: Comply with ASME A13.1, unless otherwise indicated. 

G. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch 
sequenced numbers. Include 5/32-inch hole for fastener. 
1. Material: Valve manufacturer's standard solid plastic. 
2. Size: 1-1/2 inches in diameter, unless otherwise indicated. 
3. Shape: As indicated for each piping system. 

H. Valve Tag Fasteners: Brass, wire-link or beaded chain; or brass S-hooks. 

I. Engraved Plastic-Laminate Signs: ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-
laminate engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine 
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subcore, unless otherwise indicated. Fabricate in sizes required for message. Provide holes for 
mechanical fastening. 

1. Engraving: Engraver's standard letter style, of sizes and with terms to match equipment 
identification. 

2. Thickness: 1/16 inch, for units up to 20 sq. in. or 8 inches in length, and 1/8 inch for larger 
units. 

3. Fasteners: Self-tapping, stainless-steel screws or contact-type permanent adhesive. 

J. Plastic Equipment Markers: Manufacturer's standard laminated plastic, in the following color codes: 

1. Green: Cooling equipment and components. 
2. Yellow: Heating equipment and components. 
3. Brown: Energy reclamation equipment and components. 
4. Blue: Equipment and components that do not meet criteria above. 
5. Hazardous Equipment: Use colors and designs recommended by ASME A13.1. 
6. Terminology: Match schedules as closely as possible. Include the following: 

a. Name and plan number. 
b. Equipment service. 
c. Design capacity. 
d. Other design parameters such as pressure drop, entering and leaving conditions, and 

speed. 

7. Size: 2-1/2 by 4 inches for control devices, dampers, and valves; 4-1/2 by 6 inches for 
equipment. 

2.5 GROUT 

A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics: Post hardening, volume adjusting, nonstaining, noncorrosive, nongaseous, 
and recommended for interior and exterior applications. 

2. Design Mix: 5000-psi, 28-day compressive strength. 
3. Packaging: Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 DIELECTRIC FITTING APPLICATIONS 

A. Dry Piping Systems: Connect piping of dissimilar metals with the following: 

1. NPS 2 and Smaller: Dielectric unions. 
2. NPS 2-1/2 and Larger: Dielectric flanges. 

B. Wet Piping Systems: Connect piping of dissimilar metals with the following: 

1. NPS 2 and Smaller: Dielectric couplings or dielectric nipples. 
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2. NPS 2-1/2 and Larger: Dielectric nipples. 

3.2 PIPING INSTALLATION 

A. Install piping according to the following requirements and utilities Sections specifying piping 
systems. 

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping 
systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, 
expansion, pump sizing, and other design considerations. Install piping as indicated unless 
deviations to layout are approved on the Coordination Drawings. 

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right 
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated 
otherwise. 

D. Install piping to permit valve servicing. 

E. Install piping at indicated slopes. 

F. Install piping free of sags and bends. 

G. Install fittings for changes in direction and branch connections. 

H. Select system components with pressure rating equal to or greater than system operating pressure. 

I. Sleeves are not required for core-drilled holes. 

J. Permanent sleeves are not required for holes formed by removable PE sleeves. 

K. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof 
slabs. 

1. Cut sleeves to length for mounting flush with both surfaces. 

a. Exception: Extend sleeves installed in floors of equipment areas or other wet areas 2 
inches Insert dimension above finished floor level. 

2. Install sleeves in new walls and slabs as new walls and slabs are constructed. 

a. PVC Pipe Sleeves: For pipes smaller than NPS 6. 
b. Steel Sheet Sleeves: For pipes NPS 6 and larger, penetrating gypsum-board partitions. 

L. Verify final equipment locations for roughing-in. 

M. Refer to equipment specifications in other Sections for roughing-in requirements. 
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3.3 PIPING JOINT CONSTRUCTION 

A. Join pipe and fittings according to the following requirements and utilities Sections specifying 
piping systems. 

B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe. 

C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly. 

D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads 
full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join 
pipe fittings and valves as follows: 

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading 
is specified. 

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or 
damaged. Do not use pipe sections that have cracked or open welds. 

E. Welded Joints: Construct joints according to AWS D10.12/D10.12M, using qualified processes and 
welding operators according to Part 1 "Quality Assurance" Article. 

F. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. 
Install gasket concentrically positioned. Use suitable lubricants on bolt threads. 

G. Grooved Joints: Assemble joints with grooved-end pipe coupling with coupling housing, gasket, 
lubricant, and bolts according to coupling and fitting manufacturer's written instructions. 

H. Soldered Joints: Apply ASTM B 813 water-flushable flux, unless otherwise indicated, to tube end. 
Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free 
solder alloy (0.20 percent maximum lead content) complying with ASTM B 32. 

I. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, 
using copper-phosphorus brazing filler metal complying with AWS A5.8. 

J. Pressure-Sealed Joints: Assemble joints for plain-end copper tube and mechanical pressure seal 
fitting with proprietary crimping tool to according to fitting manufacturer's written instructions. 

K. Plastic Piping Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings 
according to the following: 

1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent 
cements. 

2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 appendixes. 
3. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix. 
4. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC socket 

fittings according to ASTM D 2672. Join other-than-schedule-number PVC pipe and socket 
fittings according to ASTM D 2855. 

5. PVC Nonpressure Piping: Join according to ASTM D 2855. 
6. PVC to ABS Nonpressure Transition Fittings: Join according to ASTM D 3138 Appendix. 

L. Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139. 
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M. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212. 

N. Plastic Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or 
paper towels. Join according to ASTM D 2657. 

1. Plain-End PE Pipe and Fittings: Use butt fusion. 
2. Plain-End PE Pipe and Socket Fittings: Use socket fusion. 

O. Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join according to pipe 
manufacturer's written instructions. 

3.4 PIPING CONNECTIONS 

A. Make connections according to the following, unless otherwise indicated: 

1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to 
each piece of equipment. 

2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final 
connection to each piece of equipment. 

3. Install dielectric fittings at connections of dissimilar metal pipes. 

3.5 EQUIPMENT INSTALLATION 

A. Install equipment level and plumb, unless otherwise indicated. 

B. Install equipment to facilitate service, maintenance, and repair or replacement of components. 
Connect equipment for ease of disconnecting, with minimum interference with other installations. 
Extend grease fittings to an accessible location. 

C. Install equipment to allow right of way to piping systems installed at required slope. 

3.6 IDENTIFICATION 

A. Piping Systems: Install pipe markers on each system. Include arrows showing normal direction of 
flow. 

1. Plastic markers, with application systems. Install on insulation segment if required for hot 
noninsulated piping. 

2. Locate pipe markers on exposed piping according to the following: 

a. Near each valve and control device. 
b. Near each branch, excluding short takeoffs for equipment and terminal units. Mark 

each pipe at branch if flow pattern is not obvious. 
c. Near locations where pipes pass through walls or floors or enter inaccessible 

enclosures. 
d. At manholes and similar access points that permit view of concealed piping. 
e. Near major equipment items and other points of origination and termination. 
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B. Equipment: Install engraved plastic-laminate sign or equipment marker on or near each major item 
of equipment. 

1. Lettering Size: Minimum 1/4 inch high for name of unit if viewing distance is less than 24 
inches, 1/2 inch high for distances up to 72 inches, and proportionately larger lettering for 
greater distances. Provide secondary lettering two-thirds to three-fourths of size of principal 
lettering. 

2. Text of Signs: Provide name of identified unit. Include text to distinguish among multiple 
units, inform user of operational requirements, indicate safety and emergency precautions, 
and warn of hazards and improper operations. 

C. Adjusting: Relocate identifying devices that become visually blocked by work of this or other 
Divisions. 

3.7 CONCRETE BASES 

A. Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's written 
instructions and according to seismic codes at Project. 

1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both 
directions than supported unit. 

2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, 
install dowel rods on 18-inch centers around the full perimeter of base. 

3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, 
and anchor into structural concrete floor. 

4. Place and secure anchorage devices. Use supported equipment manufacturer's setting 
drawings, templates, diagrams, instructions, and directions furnished with items to be 
embedded. 

5. Install anchor bolts to elevations required for proper attachment to supported equipment. 
6. Install anchor bolts according to anchor-bolt manufacturer's written instructions. 
7. Use 3500-psi, 28-day compressive-strength concrete and reinforcement as specified in 

Section 033000 "Cast-in-Place Concrete." 

3.8 GROUTING 

A. Mix and install grout for equipment base bearing surfaces, pump and other equipment base plates, 
and anchors. 

B. Clean surfaces that will come into contact with grout. 

C. Provide forms as required for placement of grout. 

D. Avoid air entrapment during placement of grout. 

E. Place grout, completely filling equipment bases. 

F. Place grout on concrete bases and provide smooth bearing surface for equipment. 

G. Place grout around anchors. 
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H. Cure placed grout. 
 

END OF SECTION 330500 
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SECTION 334200 

STORMWATER CONVEYANCE 

PART 1 - GENERAL 

1.1 STIPULATIONS 

A. The specifications sections “General Conditions of the Construction Contract”, “Special 
Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference 
thereto, and shall have the same force and effect as if printed herewith in full. 

1.2 RELATED DOCUMENTS 

A. Drawings and general provisions of the Contract, including General and Supplementary Conditions 
and Division 01 Specification Sections, apply to this Section. 

1.3 SUMMARY 

A. Section Includes: 

1. Pipe and fittings. 
2. Nonpressure transition couplings. 
3. Expansion joints and deflection fittings. 
4. Drains. 
5. Encasement for piping. 
6. Catch basins. 
7. Stormwater inlets. 
8. Stormwater disposal systems. 

1.4 ACTION SUBMITTALS 

A. Product Data:  For each type of product indicated. 

B. Shop Drawings: 

1. Stormwater inlets.  Include plans, elevations, sections, details, frames, covers, and grates. 

1.5 DELIVERY, STORAGE, AND HANDLING 

A. Do not store plastic manholes, pipe, and fittings in direct sunlight. 

B. Protect pipe, pipe fittings, and seals from dirt and damage. 

C. Handle stormwater inlets according to manufacturer's written rigging instructions. 
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1.6 PROJECT CONDITIONS 

A. Interruption of Existing Storm Drainage Service:  Do not interrupt service to facilities occupied by 
Owner or others unless permitted under the following conditions and then only after arranging to 
provide temporary service according to requirements indicated: 

1. Notify Owner no fewer than 15 days in advance of proposed interruption of service. 
2. Do not proceed with interruption of service without Owner's written permission. 

PART 2 - PRODUCTS 

2.1 PE PIPE AND FITTINGS 

A. Corrugated PE Drainage Pipe and Fittings NPS 3 to NPS 10:  AASHTO M 252M, Type S, with 
smooth waterway for coupling joints. 

1. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket material 
that mates with tube and fittings. 

2. Soiltight Couplings:  AASHTO M 252M, corrugated, matching tube and fittings. 

B. Corrugated PE Pipe and Fittings NPS 12 to NPS 60:  AASHTO M 294M, Type S, with smooth 
waterway for coupling joints. 

1. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket material 
that mates with pipe and fittings. 

2. Soiltight Couplings:  AASHTO M 294M, corrugated, matching pipe and fittings. 

2.2 NONPRESSURE TRANSITION COUPLINGS 

A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for joining 
underground nonpressure piping.  Include ends of same sizes as piping to be joined, and corrosion-
resistant-metal tension band and tightening mechanism on each end. 

B. Sleeve Materials: 

1. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC. 
2. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe materials 

being joined. 

C. Unshielded, Flexible Couplings: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following: 

2. Basis-of-Design Product:  Subject to compliance with requirements, provide the following: 

a. Fernco Inc. 

http://www.specagent.com/LookUp/?ulid=3654&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456814115&mf=04&src=wd
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3. Description:  Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-metal 
tension band and tightening mechanism on each end. 

D. Ring-Type, Flexible Couplings: 

1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following: 

2. Basis-of-Design Product:  Subject to compliance with requirements, provide the following: 

a. Fernco Inc. 

3. Description:  Elastomeric compression seal with dimensions to fit inside bell of larger pipe 
and for spigot of smaller pipe to fit inside ring. 

2.3 CONCRETE 

A. General:  Cast-in-place concrete according to ACI 318, ACI 350/350R, and the following: 

1. Cement:  ASTM C 150, Type II. 
2. Fine Aggregate:  ASTM C 33, sand. 
3. Coarse Aggregate:  ASTM C 33, crushed gravel. 
4. Water:  Potable. 

B. Portland Cement Design Mix:  4000 psi minimum, with 0.45 maximum water/cementitious 
materials ratio. 

1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 
2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel. 

C. Manhole Channels and Benches:  Factory or field formed from concrete.  Portland cement design 
mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.  Include channels 
and benches in manholes. 

1. Channels:  Concrete invert, formed to same width as connected piping, with height of vertical 
sides to three-fourths of pipe diameter.  Form curved channels with smooth, uniform radius 
and slope. 

a. Invert Slope:  2 percent through manhole. 

2. Benches:  Concrete, sloped to drain into channel. 

a. Slope:  4 percent. 

D. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi minimum, with 0.58 maximum 
water/cementitious materials ratio. 

1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain. 
2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel. 

http://www.specagent.com/LookUp/?ulid=3656&mf=04&src=wd
http://www.specagent.com/LookUp/?uid=123456814120&mf=04&src=wd
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2.4 STORMWATER INLETS 

A. Yard Inlets: Include heavy duty frames and gates. 

B. Frames and Grates:  Heavy duty, according to utility standards. 

2.5 GROUT 

A. Description: ASTM C1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout. 

1. Characteristics: Post hardening, volume adjusting, nonstaining, noncorrosive, nongaseous, 
and recommended for interior and exterior applications. 

2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength. 
3. Packaging: Premixed and factory packaged. 

PART 3 - EXECUTION 

3.1 EARTHWORK 

A. Excavation, trenching, and backfilling are specified in Section 312000 "Earth Moving." 

3.2 PIPING INSTALLATION 

A. General Locations and Arrangements:  Drawing plans and details indicate general location and 
arrangement of underground storm drainage piping.  Location and arrangement of piping layout 
take into account design considerations.  Install piping as indicated, to extent practical.  Where 
specific installation is not indicated, follow piping manufacturer's written instructions. 

B. Install piping beginning at low point, true to grades and alignment indicated with unbroken 
continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, sleeves, and 
couplings according to manufacturer's written instructions for use of lubricants, cements, and other 
installation requirements. 

C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for branch 
connections unless direct tap into existing sewer is indicated. 

D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes and 
fittings are connected.  Reducing size of piping in direction of flow is prohibited. 

E. Install gravity-flow, nonpressure drainage piping according to the following: 

1. Install piping pitched down in direction of flow. 
2. Install piping NPS 6 and larger with restrained joints at tee fittings and at changes in 

direction.  Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary restraint 
system, or cast-in-place concrete supports or anchors. 

3. Install piping with 12 inch minimum cover. 
4. Install nonreinforced-concrete sewer piping according to ASTM C 1479 and ACPA's 

"Concrete Pipe Installation Manual." 
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5. Install reinforced-concrete sewer piping according to ASTM C 1479 and ACPA's "Concrete 
Pipe Installation Manual." 

3.3 PIPE JOINT CONSTRUCTION 

A. Join gravity-flow, nonpressure drainage piping according to the following: 

1. Join corrugated PE piping according to ASTM D 3212 for push-on joints. 
2. ASTM F 794 for gasketed joints. 
3. Join fiberglass sewer piping according to ASTM D 3839 for elastomeric-seal joints. 
4. Join nonreinforced-concrete sewer piping according to ASTM C 14 and ACPA's "Concrete 

Pipe Installation Manual" for rubber-gasketed joints. 
5. Join reinforced-concrete sewer piping according to ACPA's "Concrete Pipe Installation 

Manual" for rubber-gasketed joints. 
6. Join dissimilar pipe materials with nonpressure-type flexible couplings. 

3.4 MANHOLE INSTALLATION 

A. General:  Install inlets, complete with appurtenances and accessories indicated. 

B. Install precast concrete inlet sections with sealants according to ASTM C 891. 

C. Where specific inlet construction is not indicated, follow inlet manufacturer's written instructions. 

D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements.  Set 
tops flush with finished surface elsewhere unless otherwise indicated. 

3.5 CONCRETE PLACEMENT 

A. Place cast-in-place concrete according to ACI 318. 

3.6 CONNECTIONS 

A. Make connections to existing piping and underground manholes. 

1. Use commercially manufactured wye fittings for piping branch connections.  Remove section 
of existing pipe; install wye fitting into existing piping; and encase entire wye fitting, plus 6-
inch overlap, with not less than 6 inches of concrete with 28-day compressive strength of 
3000 psi. 

2. Make branch connections from side into existing piping, NPS 4 to NPS 20.  Remove section 
of existing pipe, install wye fitting into existing piping, and encase entire wye with not less 
than 6 inches of concrete with 28-day compressive strength of 3000 psi. 

3. Make branch connections from side into existing piping, NPS 21 or larger, or to underground 
manholes and structures by cutting into existing unit and creating an opening large enough to 
allow 3 inches of concrete to be packed around entering connection.  Cut end of connection 
pipe passing through pipe or structure wall to conform to shape of and be flush with inside 
wall unless otherwise indicated.  On outside of pipe, manhole, or structure wall, encase 
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entering connection in 6 inches of concrete for minimum length of 12 inches to provide 
additional support of collar from connection to undisturbed ground. 

a. Use concrete that will attain a minimum 28-day compressive strength of 4000 psi unless 
otherwise indicated. 

b. Use epoxy-bonding compound as interface between new and existing concrete and 
piping materials. 

4. Protect existing piping, manholes, and structures to prevent concrete or debris from entering 
while making tap connections.  Remove debris or other extraneous material that may 
accumulate. 

B. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal to piping 
rating may be used in applications below unless otherwise indicated. 

1. Use nonpressure-type flexible couplings where required to join gravity-flow, nonpressure 
sewer piping unless otherwise indicated. 

a. Unshielded flexible couplings for same or minor difference OD pipes. 
b. Unshielded, increaser/reducer-pattern, flexible couplings for pipes with different OD. 
c. Ring-type flexible couplings for piping of different sizes where annular space between 

smaller piping's OD and larger piping's ID permits installation. 

2. Use pressure-type pipe couplings for force-main joints. 

3.7 IDENTIFICATION 

A. Materials and their installation are specified in Section 312000 "Earth Moving." Arrange for 
installation of green warning tape directly over piping and at outside edge of underground 
structures. 

1. Use detectable warning tape over ferrous piping. 
2. Use detectable warning tape over nonferrous piping and over edges of underground 

structures. 

3.8 FIELD QUALITY CONTROL 

A. Inspect interior of piping to determine whether line displacement or other damage has occurred.  
Inspect after approximately 24 inches of backfill is in place, and again at completion of Project. 

1. Submit separate reports for each system inspection. 
2. Defects requiring correction include the following: 

a. Alignment:  Less than full diameter of inside of pipe is visible between structures. 
b. Deflection:  Flexible piping with deflection that prevents passage of ball or cylinder of 

size not less than 92.5 percent of piping diameter. 
c. Damage:  Crushed, broken, cracked, or otherwise damaged piping. 
d. Infiltration:  Water leakage into piping. 
e. Exfiltration:  Water leakage from or around piping. 
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3. Replace defective piping using new materials, and repeat inspections until defects are within 
allowances specified. 

4. Reinspect and repeat procedure until results are satisfactory. 

B. Test new piping systems, and parts of existing systems that have been altered, extended, or repaired, 
for leaks and defects. 

1. Do not enclose, cover, or put into service before inspection and approval. 
2. Test completed piping systems according to requirements of authorities having jurisdiction. 
3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' 

advance notice. 
4. Submit separate report for each test. 
5. Gravity-Flow Storm Drainage Piping:  Test according to requirements of authorities having 

jurisdiction, UNI-B-6, and the following: 

a. Exception:  Piping with soiltight joints unless required by authorities having jurisdiction. 
b. Option:  Test plastic piping according to ASTM F 1417. 
c. Option:  Test concrete piping according to ASTM C 924. 

3.9 CLEANING 

A. Clean interior of piping of dirt and superfluous materials.   Flush with water. 

END OF SECTION 334200 
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SECTION 32 1400 - UNIT PAVING

PART 1 - GENERAL

1.1 SUMMARY

A. Section Includes:

1. Brick pavers.
2. Concrete pavers.
3. Asphalt-block pavers.
4. Stone pavers.
5. Curbs and edge restraints.

B. Related Requirements:

1. Section 07 5552.13 "Atactic-Polypropylene (APP) Modified Bituminous Protected 
Membrane Roofing" Section 07 5552.16 "Styrene-Butadiene-Styrene (SBS) Modified 
Bituminous Protected Membrane Roofing" for roof pavers.

2. Section 09 6313 "Brick Flooring" for brick flooring for interior applications.
3. Section 09 6340 "Stone Flooring" for dimension stone paving.
4. Section 32 1216 "Asphalt Paving" for asphalt base under unit pavers.
5. Section 32 1313 "Concrete Paving" [for concrete base under unit pavers] [and] [for 

cast-in-place concrete curbs and gutters serving as edge restraints for unit pavers].
6. Section 32 1443 "Porous Unit Paving" for unit paving using grid pavers or pavers with 

openings between them.

1.2 PREINSTALLATION MEETINGS

A. Preinstallation Conference: Conduct conference at [Project site] <Insert location>.

1.3 ACTION SUBMITTALS

A. Product Data:

1. For materials other than water and aggregates.
2. For the following:

a. Pavers.
b. Bituminous setting materials.
c. Mortar and grout materials.
d. Edge restraints.
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e. Precast concrete curbs.
f. Granite curbs.

B. Sieve Analyses: For aggregate setting-bed materials, according to ASTM C136.

C. Samples for Initial Selection: For each type of unit paver indicated[.][ and the following:]

1. Joint materials involving color selection.
2. Exposed edge restraints involving color selection.
3. Precast concrete curbs.
4. Granite curbs.

D. Samples for Verification: For full-size units of each type of unit paver indicated.[ Assemble no 
fewer than five Samples of each type of unit on suitable backing and grout joints.][ Include 
Samples of the following:]

1. Joint materials.
2. Exposed edge restraints.
3. Precast concrete curbs.
4. Granite curbs.

1.4 INFORMATIONAL SUBMITTALS

A. Adhesion and Compatibility Test Reports: From latex-additive manufacturer for mortar and grout 
containing latex additives.

B. Material Certificates: For unit pavers. Include statements of material properties indicating 
compliance with requirements, including compliance with standards. Provide for each type and 
size of unit.

C. Product Test Reports: Based on evaluation of comprehensive tests performed by a qualified 
testing agency, for unit pavers, indicating compliance with requirements.

1. For solid interlocking paving units, include test data for freezing and thawing according to 
ASTM C67.

1.5 QUALITY ASSURANCE

A. Installer Qualifications: A qualified unit paving installer. Installer's [field supervisor] [personnel 
assigned to the Work] must have Concrete Paver Installer Certification from the Interlocking 
Concrete Pavement Institute (ICPI) with [one of] [both of] the following designations:

1. Residential Paver Technician Designation.
2. Commercial Paver Technician Designation.
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B. Mockups: Build mockups to verify selections made under Sample submittals, to demonstrate 
aesthetic effects, and to set quality standards for materials and execution.

1. Subject to compliance with requirements, approved mockups may become part of the 
completed Work if undisturbed at time of Substantial Completion.

1.6 PRECONSTRUCTION TESTING

A. Preconstruction Adhesion and Compatibility Testing: Submit to latex-additive manufacturer, for 
testing as indicated below, Samples of flooring materials that will contact or affect mortar and 
grout that contain latex additives.

1. Use manufacturer's standard test methods to determine whether mortar and grout 
materials will obtain optimal adhesion with, and will be nonstaining to, installed brick and 
other materials constituting brick flooring installation.

1.7 DELIVERY, STORAGE, AND HANDLING

A. Store pavers on elevated platforms in a dry location. If units are not stored in an enclosed 
location, cover tops and sides of stacks with waterproof sheeting, securely tied.

B. Store cementitious materials on elevated platforms, under cover, and in a dry location. Do not 
use cementitious materials that have become damp.

C. Store aggregates where grading and other required characteristics can be maintained and 
contamination avoided.

D. Store liquids in tightly closed containers protected from freezing.

E. Store asphalt cement and other bituminous materials in tightly closed containers.

1.8 FIELD CONDITIONS

A. Cold-Weather Protection: Do not use frozen materials or materials mixed or coated with ice or 
frost. Do not build on frozen subgrade or setting beds. Remove and replace unit paver work 
damaged by frost or freezing.

B. Weather Limitations for Bituminous Setting Bed:

1. Install bituminous setting bed only when ambient temperature is above 40 deg F and when 
base is dry.

UNIT PAVING 32 1400 -  3



Reading Fire Department 23A Mechanical Re-Bid
9th & Marion Fire Station
Bid/Permit Set September 13, 2021

MANNS WOODWARD STUDIOS INC

2. Apply asphalt adhesive only when ambient temperature is above 50 deg F and when 
temperature has not been below 35 deg F for 12 hours immediately before application. Do 
not apply when setting bed is wet or contains excess moisture.

C. Weather Limitations for Mortar and Grout:

1. Cold-Weather Requirements: Comply with cold-weather construction requirements 
contained in TMS 602/ACI 530.1/ASCE 6.

2. Hot-Weather Requirements: Comply with hot-weather construction requirements 
contained in TMS 602/ACI 530.1/ASCE 6. Provide artificial shade and windbreaks and use 
cooled materials as required. Do not apply mortar to substrates with temperatures of 100 
deg F and higher.

a. When ambient temperature exceeds 100 deg F, or when wind velocity exceeds 8 
mph and ambient temperature exceeds 90 deg F, set pavers within 1 minute of 
spreading setting-bed mortar.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Source Limitations: Obtain each type of unit paver, joint material, and setting material from single 
source with resources to provide materials and products of consistent quality in appearance and 
physical properties.

2.2 BRICK PAVERS

A. Brick Pavers, Light-Traffic Paving Brick: ASTM C902, Class SX or Class MX, Type I Type II Type 
III, Application PS PX PA. Provide brick without frogs or cores in surfaces exposed to view in the 
completed Work.

1. Thickness: 1-1/4 inches 1-1/2 inches 1-5/8 inches 2-1/4 inches 2-5/8 inches As indicated 
Insert dimension.

2. Face Size: 3-3/4 by 7-1/2 inches 3-5/8 by 7-5/8 inches 3-5/8 by 11-5/8 inches 7-5/8 by 
7-5/8 inches 4 by 8 inches 4 by 12 inches 8 by 8 inches As indicated Insert dimensions.

3. Color: Dark red Medium red Full-range red Dark brown Medium brown Full-range brown 
Tan Cream As indicated by manufacturer's designations Match Architect's sample As 
selected by Architect from manufacturer's full range Insert color.

B. Brick Pavers, Heavy Vehicular Paving Brick: ASTM C1272, Type F, Application PX Type R, 
Application PS Type R, Application PX Type R, Application PA. Provide brick without frogs or 
cores in surfaces exposed to view in the completed Work.

1. Thickness: 2-1/4 inches 2-5/8 inches As indicated Insert dimension.
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2. Face Size: 3-3/4 by 7-1/2 inches 3-5/8 by 7-5/8 inches 3-5/8 by 11-5/8 inches 7-5/8 by 
7-5/8 inches 4 by 8 inches 4 by 12 inches 8 by 8 inches As indicated Insert dimensions.

3. Color: Dark red Medium red Full-range red Dark brown Medium brown Full-range brown 
Tan Buff Cream As indicated by manufacturer's designations Match Architect's sample As 
selected by Architect from manufacturer's full range Insert color.

C. Efflorescence: Brick to be rated "not effloresced" when tested according to ASTM C67.

D. Temporary Protective Coating: Precoat exposed surfaces of brick pavers with a continuous film 
of a temporary protective coating that is compatible with brick, mortar, and grout products and 
can be removed without damaging grout or brick. Do not coat unexposed brick surfaces; handle 
brick to prevent coated surfaces from contacting backs or edges of other units. If, despite these 
precautions, coating does contact bonding surfaces of brick, remove coating from bonding 
surfaces before setting brick.

2.3 CONCRETE PAVERS

A. Concrete Pavers, Solid Interlocking Paving Units: Complying with ASTM C936/C936M and 
resistant to freezing and thawing when tested according to ASTM C67, made from normal-weight 
aggregates.

1. Thickness: 2-3/8 inches 3-1/8 inches Insert dimension.
2. Face Size and Shape:

a. 3-7/8 inches 4-7/16 inches 8-7/8 inches 9 inches square.
b. 3-7/8-by-7-7/8-inch 4-by-8-inch 4-7/16-by-8-7/8-inch rectangle.
c. 5-1/2-inch octagon with attached 3-1/2-inch square 4-1/2-by-9-inch rectangle with 

saw-tooth edges 4-3/4-inch rectangular and trapezoidal units arranged in 
semicircular courses to produce fan-shaped pattern As indicated Insert dimensions 
and shape.

3. Color: As indicated by manufacturer's designations Match Architect's sample As selected 
by Architect from manufacturer's full range Insert color.

B. Concrete Pavers, Solid Paving Units, Normal-Weight Concrete: Solid paving units made from 
normal-weight concrete with a compressive strength not less than 5000 psi 6000 psi Insert value, 
water absorption not more than 5 percent according to ASTM C140, and no breakage and not 
more than 1 percent mass loss when tested for freeze-thaw resistance according to ASTM C67.

1. Thickness: 1-5/8 inches 1-3/4 inches 2 inches.
2. Face Size and Shape:

a. 8-7/8 inches 9 inches 12 inches 18 inches 24 inches square.
b. 9-by-18-inch 12-by-24-inch rectangle.
c. As indicated Insert dimensions and shape.
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3. Color: As indicated by manufacturer's designations Match Architect's sample As selected 
by Architect from manufacturer's full range Insert color.

C. Concrete Pavers, Solid Paving Units, Lightweight Concrete: Solid paving units complying with 
ASTM C1491, made from lightweight concrete.

1. Thickness: 1-5/8 inches 1-3/4 inches 2 inches Insert dimension.
2. Face Size and Shape: 9 inches square 12 inches square 18 inches square As indicated 

Insert dimensions and shape.
3. Color: As indicated by manufacturer's designations Match Architect's sample As selected 

by Architect from manufacturer's full range Insert color.

2.4 ASPHALT-BLOCK PAVERS

A. Asphalt-Block Pavers: Solid units made from asphalt cement complying with ASTM D312, Type 
III; inorganic stone dust or cement filler; and coarse aggregate, consisting of clean, hard, 
unweathered stone crushed into angular particles varying in size up to 3/8 inch.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Hanover Architectural Products.
b. Insert manufacturer's name.

2. Thickness: 1-1/4 inches 2 inches 3 inches Insert dimension.
3. Face Size: 4 by 6 inches 6 by 6 inches 8 by 8 inches 5 by 12 inches 6 by 12 inches 8-inch- 

wide hexagon Insert dimensions.
4. Dimensional Tolerances: Plus or minus 1/16 inch.
5. Finish: Natural, smooth Ground Ground and sandblasted.
6. Color: As indicated by manufacturer's designations Match Architect's sample As selected 

by Architect from manufacturer's full range Insert color.

2.5 STONE PAVERS

A. Granite Pavers: Rectangular paving slabs made from granite complying with ASTM 
C615/C615M.

1. Color and Grain: Light gray Dark gray Buff White Black Pink Insert color with medium fine 
grain.

2. Finish: Honed Thermal As indicated Match Architect's sample Insert finish.
3. Match Architect's samples for color, finish, and other stone characteristics relating to 

aesthetic effects.
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4. Thickness: Not less than 3/4 inch 30 mm 1-1/4 inches 1-5/8 inches unless otherwise 
indicated.

5. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 
indicated Insert dimensions.

B. Limestone Pavers: Rectangular paving slabs made from limestone complying with ASTM 
C568/C568M.

1. Classification: II Medium-Density III High-Density.
2. Stone Abrasion Resistance: Minimum value of [10] <Insert value>, based on testing 

according to ASTM C241/C241M or ASTM C1353.
3. Indiana Oolitic Limestone Grade and Color: Select, buff Select, gray Standard, buff 

Standard, gray Rustic, buff Rustic, gray Variegated, according to grade and color 
classification established by ILI.

4. Finish: Smooth Chat sawed Shot sawed As indicated Insert finish.
5. Match Architect's samples for color, finish, and other stone characteristics relating to 

aesthetic effects.
6. Thickness: Not less than 1 inch 1-1/4 inches 1-5/8 inches 2 inches unless otherwise 

indicated.
7. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 

indicated Insert dimensions.

C. Marble Pavers: Rectangular paving slabs made from marble complying with ASTM C503/C503M.

1. Stone Abrasion Resistance: Minimum value of [10] <Insert value>, based on testing 
according to ASTM C241/C241M or ASTM C1353.

2. Description: Uniform, fine- to medium-grained, [white] <Insert color> stone with only slight 
veining.

3. Finish: Honed As indicated Match Architect's sample Insert finish.
4. Match Architect's samples for color, finish, and other stone characteristics relating to 

aesthetic effects.
5. Thickness: Not less than 3/4 inch 30 mm 1-1/4 inches unless otherwise indicated.
6. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 

indicated Insert dimensions.

D. Quartz-Based Stone Pavers: Rectangular paving slabs Random polygonal flagstones made from 
quartz-based stone complying with ASTM C616/C616M, Classification I Sandstone II Quartzitic 
Sandstone III Quartzite.

1. Stone Abrasion Resistance: Minimum value of [10] <Insert value>, based on testing 
according to ASTM C241/C241M or ASTM C1353.

2. Finish: Sand rubbed Natural cleft Thermal As indicated Match Architect's sample Insert 
finish.

3. Match Architect's samples for color, finish, and other stone characteristics relating to 
aesthetic effects.
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4. Thickness: Not less than 1 inch 1-1/4 inches 1-1/2 inches 1-5/8 inches 2 inches unless 
otherwise indicated.

5. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 
indicated Random Insert dimensions.

E. Slate Pavers: Rectangular paving slabs Random polygonal flagstones made from slate 
complying with ASTM C629/C629M, Classification I Exterior, with a fine, even grain[ and 
unfading color,] from clear, sound stock.

1. Color: Black Blue-black Gray Blue-gray Green Purple Mottled purple and green Red.
2. Stone Abrasion Resistance: Minimum value of [8] <Insert value>, based on testing 

according to ASTM C241/C241M or ASTM C1353.
3. Finish: Honed Sand rubbed Natural cleft As indicated Match Architect's sample Insert 

finish.
4. Match Architect's samples for color, finish, and other stone characteristics relating to 

aesthetic effects.
5. Thickness: Not less than 1/2 inch 3/4 inch 1 inch unless otherwise indicated.
6. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 

indicated Random Insert dimensions.

F. Travertine Pavers: Rectangular paving slabs made from travertine complying with ASTM 
C1527/C1527M, Classification I Exterior.

1. Stone Abrasion Resistance: Minimum value of [10] <Insert value>, based on testing 
according to ASTM C241/C241M or ASTM C1353.

2. Cut: Vein cut.
3. Filling: Fill pores on faces of stone with cementitious filler of color selected by Architect 

matching Architect's sample.
4. Finish: Honed As indicated Match Architect's sample Insert finish.
5. Match Architect's samples for color, finish, and other stone characteristics relating to 

aesthetic effects.
6. Thickness: Not less than 3/4 inch 30 mm 1-1/4 inches unless otherwise indicated.
7. Face Size: 9 inches square 12 inches square 18 inches square 9 by 18 inches As 

indicated Insert dimensions.

G. Rough Granite Pavers: Rectangular[ tumbled] paving stones, with split or thermal-finished faces 
and edges, made from granite complying with ASTM C615/C615M.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Buechel Stone Corp.
b. Cold Spring Granite Inc.
c. Fletcher Granite Company.
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d. Granicor, Inc.
e. Milestone Imports, Inc.
f. North Carolina Granite Corporation.
g. Insert manufacturer's name.

2. Color and Grain: Light gray Dark gray Buff White Black Pink Insert color with medium fine 
grain.

3. Thickness: 1-1/4 inches 2 inches 3 inches 4 inches 4 inches, plus or minus 1/2 inch Insert 
dimension.

4. Face Size: 4 by 4 inches, plus or minus 1/2 inch 3 to 5 inches by 8 to 12 inches As 
indicated Insert dimensions.

2.6 CURBS AND EDGE RESTRAINTS

A. Plastic Edge Restraints: Manufacturer's standard triangular PVC extrusions 1-3/4 inches high by 
3-1/2 inches wide 3-1/8 inches high by 9-1/2 inches wide designed to serve as edge restraints for 
unit pavers; rigid type for straight edges and flexible type for curved edges; with pipe connectors 
and 3/8-inch diameter by 12-inch- long steel spikes.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Brickstop Corporation.
b. Dimex Corporation.
c. Oly-Ola Edgings, Inc.
d. Pave Tech Inc.
e. Sure-loc Edging Corporation.
f. Insert manufacturer's name.

B. Steel Edge Restraints: Manufacturer's standard painted steel edging 3/16 inch thick by 4 inches 
high 1/4 inch thick by 5 inches high with loops pressed from or welded to face to receive stakes 
at 36 inches o.c. and steel stakes 15 inches long for each loop.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Border Concepts, Inc.
b. Collier Metal Specialties, Inc.
c. J. D. Russell Company (The).
d. Sure-loc Edging Corporation.
e. Insert manufacturer's name.
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2. Color: As indicated by manufacturer's designations Match Architect's sample As selected 
by Architect from manufacturer's full range Insert color.

C. Aluminum Edge Restraints: Manufacturer's standard straight, 1/8-inch- thick by 4-inch- high 
straight, 3/16-inch- thick by 4-inch- high L-shaped, 1/8-inch- thick by 1-3/8-inch- high L-shaped, 
3/16-inch- thick by 2-1/4-inch- high extruded-aluminum edging with loops pressed from face to 
receive stakes at 12 inches o.c. and aluminum stakes 12 inches long for each loop.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Brickstop Corporation.
b. Curv-Rite, Inc.
c. Permaloc Corporation.
d. Sure-loc Edging Corporation.
e. Insert manufacturer's name.

D. Job-Built Concrete Edge Restraints: Comply with requirements in Section 03 3000 "Cast-in-Place 
Concrete" for normal-weight, air-entrained, ready-mixed concrete with minimum 28-day 
compressive strength of 3000 psi.

E. Precast Concrete Curbs: Made from normal-weight concrete with a compressive strength not 
less than 5000 psi 6000 psi Insert value and water absorption not more than 5 percent, in shapes 
and sizes indicated.

1. Color and Texture: Match Architect's sample As selected by Architect from manufacturer's 
full range Insert color and texture.

F. Granite Curbs: Granite curbing, with face battered 1 inch per foot, produced in random lengths 
not less than 36 inches from granite complying with ASTM C615/C615M.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Cold Spring Granite Inc.
b. Fletcher Granite Company.
c. Granicor, Inc.
d. New England Stone, LLC.
e. North Carolina Granite Corporation.
f. Polycor Inc.
g. Swenson Granite Works.
h. Insert manufacturer's name.
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2. Granite Color and Grain: Light gray Dark gray Buff White Black Pink Insert color with fine 
medium coarse grain.

3. Top Width: 4 inches 5 inches 6 inches Insert dimension.
4. Face Height: 4 inches 6 inches 8 inches Insert dimension.
5. Total Height: 12 inches 16 inches 18 inches Insert dimension.
6. Top Finish: Sawed Thermal Bush hammered.
7. Face Finish: Split Sawed Thermal Bush hammered.

G. <Insert requirements>.

2.7 ACCESSORIES

A. Cork Joint Filler: Preformed strips complying with ASTM D1752, Type II.

B. Compressible Foam Filler: Preformed strips complying with ASTM D1056, Grade 2A1.

2.8 AGGREGATE SETTING-BED MATERIALS

A. Graded Aggregate for Subbase: Sound, crushed stone or gravel complying with ASTM D448 for 
Size No. 57 ASTM D2940/D2940M, subbase material requirements in Section 31 2000 "Earth 
Moving" for subbase material.

B. Graded Aggregate for Base: Sound, crushed stone or gravel complying with ASTM D448 for Size 
No. 8 ASTM D2940/D2940M, base material requirements in Section 31 2000 "Earth Moving" for 
base course.

C. Sand for Leveling Course: Sound, sharp, washed, natural sand or crushed stone complying with 
gradation requirements in ASTM C33/C33M for fine aggregate.

D. Stone Screenings for Leveling Course: Sound stone screenings complying with ASTM D448 for 
Size No. 10.

E. Sand for Joints: Fine, sharp, washed, natural sand or crushed stone with 100 percent passing 
No. 16 sieve and no more than 10 percent passing No. 200 sieve.

1. Provide sand of color needed to produce required joint color.

F. Separation Geotextile: Woven geotextile fabric, manufactured for separation applications; made 
from polyolefins or polyesters, with elongation less than 50 percent; complying with AASHTO M 
288 and the following, measured per test methods referenced:

1. Survivability: Class 2, AASHTO M 288.
2. Apparent Opening Size: No. 60 sieve, maximum; ASTM D4751.
3. Permittivity: 0.02 per second, minimum; ASTM D4491.
4. UV Stability: 50 percent after 500 hours' exposure, ASTM D4355.
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G. Drainage Geotextile: Nonwoven needle-punched geotextile fabric, manufactured for subsurface 
drainage applications, made from polyolefins or polyesters; with elongation greater than 50 
percent; complying with AASHTO M 288 and the following, measured per test methods 
referenced:

1. Survivability: Class 2, AASHTO M 288.
2. Apparent Opening Size: No. 40 sieve, maximum; ASTM D4751.
3. Permittivity: 0.5 per second, minimum; ASTM D4491.
4. UV Stability: 50 percent after 500 hours' exposure, ASTM D4355.

H. Herbicide: Commercial chemical for weed control, registered with the EPA. Provide in granular, 
liquid, or wettable powder form.

2.9 BITUMINOUS SETTING-BED MATERIALS

A. Primer for Base: ASTM D2028/D2028M, cutback asphalt, grade as recommended by unit paver 
manufacturer.

B. Fine Aggregate for Setting Bed: ASTM D1073, No. 2 or No. 3.

C. Asphalt Cement: ASTM D3381/D3381M, Viscosity Grade AC-10 or Grade AC-20.

D. Neoprene-Modified Asphalt Adhesive: Paving manufacturer's standard adhesive consisting of 
oxidized asphalt combined with 2 percent neoprene and 10 percent long-fibered mineral fibers 
containing no asbestos.

E. Sand for Joints: Fine, sharp, washed, natural sand or crushed stone with 100 percent passing 
No. 16 sieve and no more than 10 percent passing No. 200 sieve.

1. Provide sand of color needed to produce required joint color.

2.10 MORTAR SETTING-BED MATERIALS

A. Portland Cement: ASTM C150/C150M, Type I or Type II.

B. Hydrated Lime: ASTM C207, Type S.

C. Sand: ASTM C144.

D. Latex Additive: Manufacturer's standard acrylic resin styrene-butadiene-rubber water emulsion, 
serving as replacement for part or all of gaging water, of type specifically recommended by 
latex-additive manufacturer for use with field-mixed portland cement and aggregate mortar bed, 
and not containing a retarder.
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E. Thin-Set Mortar for Bond Coat: Latex-portland cement mortar complying with ANSI A118.4.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. ARDEX Americas.
b. Boiardi Products Corporation; a QEP company.
c. Bostik, Inc.
d. C-Cure.
e. Custom Building Products.
f. H.B. Fuller Construction Products Inc. / TEC.
g. Jamo Inc.
h. Laticrete International, Inc.
i. MAPEI Corporation.
j. Parex USA, Inc.
k. ProSpec; H.B. Fuller Construction Products Inc.
l. Sakrete; CRH Americas, Oldcastle APG.
m. Southern Grouts & Mortars, Inc.
n. Summitville Tiles, Inc.
o. Insert manufacturer's name.

2. Provide prepackaged, dry-mortar mix containing dry, redispersible, vinyl acetate or acrylic 
additive to which only water must be added at Project site.

3. Provide prepackaged, dry-mortar mix combined with acrylic resin 
styrene-butadiene-rubber liquid-latex additive at Project site.

4. Provide product that is approved by manufacturer for application thickness of [5/8 inch] 
<Insert value>.

F. Water: Potable.

G. Reinforcing Wire Fabric: Galvanized, welded wire fabric, 2 by 2 inches by 0.062 inch in diameter; 
comply with ASTM A1064/A1064M except for minimum wire size.

2.11 GROUT MATERIALS

A. Sand-Portland Cement Grout: ANSI A108.10, made of white or gray cement and white or colored 
aggregate as required to produce color indicated.

1. Colored Mortar Pigments for Grout: Natural and synthetic iron and chromium oxides, 
compounded for use in mortar and grout mixes. Use only pigments that have proved, 
through testing and experience, to be satisfactory for use in portland cement grout.
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a. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers 
offering products that may be incorporated into the Work include, but are not limited 
to, the following]:

1) Davis Colors.
2) Lanxess Corporation.
3) Solomon Colors Inc.
4) Insert manufacturer's name.

B. Standard Cement Grout: ANSI A118.6, sanded.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. Boiardi Products Corporation; a QEP company.
b. Bostik, Inc.
c. C-Cure.
d. Custom Building Products.
e. H.B. Fuller Construction Products Inc. / TEC.
f. Jamo Inc.
g. Laticrete International, Inc.
h. MAPEI Corporation.
i. Parex USA, Inc.
j. ProSpec; H.B. Fuller Construction Products Inc.
k. Sakrete; CRH Americas, Oldcastle APG.
l. Southern Grouts & Mortars, Inc.
m. Summitville Tiles, Inc.
n. Insert manufacturer's name.

C. High-Performance Cement Grout: ANSI A118.7, sanded.

1. Manufacturers: Subject to compliance with requirements, [provide products by the 
following] [provide products by one of the following] [available manufacturers offering 
products that may be incorporated into the Work include, but are not limited to, the 
following]:

a. ARDEX Americas.
b. Boiardi Products Corporation; a QEP company.
c. Bostik, Inc.
d. C-Cure.
e. Custom Building Products.
f. H.B. Fuller Construction Products Inc. / TEC.
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g. Jamo Inc.
h. Laticrete International, Inc.
i. MAPEI Corporation.
j. Sakrete; CRH Americas, Oldcastle APG.
k. Southern Grouts & Mortars, Inc.
l. Summitville Tiles, Inc.
m. Insert manufacturer's name.

2. Polymer Type:

a. Ethylene vinyl acetate or acrylic additive, in dry, redispersible form, prepackaged 
with other dry ingredients.

b. Acrylic resin styrene-butadiene rubber in liquid-latex form for addition to 
prepackaged dry-grout mix.

D. Grout Colors: As indicated by manufacturer's designations Match Architect's samples As 
selected by Architect from manufacturer's full range Insert color.

E. Water: Potable.

2.12 BITUMINOUS SETTING-BED MIX

A. Mix bituminous setting-bed materials at an asphalt plant in approximate proportion, by weight, of 
7 percent asphalt cement to 93 percent fine aggregate unless otherwise indicated. Heat mixture 
to 300 deg F.

2.13 MORTAR AND GROUT MIXES

A. General: Comply with referenced standards and with manufacturers' written instructions for mix 
proportions, mixing equipment, mixer speeds, mixing containers, mixing times, and other 
procedures needed to produce setting-bed and joint materials of uniform quality and with optimal 
performance characteristics. Discard mortars and grout if they have reached their initial set 
before being used.

B. Mortar-Bed Bond Coat: Mix neat cement and latex additive water to a creamy consistency.

C. Portland Cement-Lime Setting-Bed Mortar: Type M complying with ASTM C270, Proportion 
Specification.

D. Latex-Modified, Portland Cement Bond Coat: Proportion and mix portland cement, aggregate, 
and liquid latex for bond coat to comply with written instructions of liquid-latex manufacturer.

E. Job-Mixed Portland Cement Grout: Proportion and mix job-mixed portland cement and aggregate 
grout to match setting-bed mortar except omit hydrated lime and use enough water to produce a 
pourable mixture.
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1. Pigmented Grout: Select and proportion pigments with other ingredients to produce color 
required. Do not exceed pigment-to-cement ratio of 1 to 10, by weight.

F. Packaged Grout: Proportion and mix according to grout manufacturer's written instructions.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine surfaces indicated to receive unit paving, with Installer present, for compliance with 
requirements for installation tolerances and other conditions affecting performance.

B. Where unit paving is to be installed over waterproofing, examine waterproofing installation, with 
waterproofing Installer present, for protection from paving operations, including areas where 
waterproofing system is turned up or flashed against vertical surfaces.

C. Proceed with installation only after unsatisfactory conditions have been corrected[ and 
waterproofing protection is in place].

3.2 PREPARATION

A. Remove substances from concrete substrates that could impair mortar bond, including curing 
and sealing compounds, form oil, and laitance.

B. Sweep concrete substrates to remove dirt, dust, debris, and loose particles.

C. Proof-roll prepared subgrade according to requirements in Section 31 2000 "Earth Moving" to 
identify soft pockets and areas of excess yielding. Proceed with unit paver installation only after 
deficient subgrades have been corrected and are ready to receive [subbase] [and] [base] course 
for unit pavers.

3.3 INSTALLATION, GENERAL

A. Do not use unit pavers with chips, cracks, voids, discolorations, or other defects that might be 
visible or cause staining in finished work.

B. Mix pavers from several pallets or cubes, as they are placed, to produce uniform blend of colors 
and textures.

C. Cut unit pavers with motor-driven masonry saw equipment to provide clean, sharp, unchipped 
edges. Cut units to provide pattern indicated and to fit adjoining work neatly. Use full units without 
cutting where possible. Hammer cutting is not acceptable.
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1. For concrete pavers, a block splitter may be used.

D. Handle protective-coated brick pavers to prevent coated surfaces from contacting backs or edges 
of other units. If, despite these precautions, coating does contact bonding surfaces of brick, 
remove coating from bonding surfaces before setting brick.

E. Joint Pattern: [Running bond] [Herringbone] [Basket weave] [Grid] [As indicated] [Match and 
continue existing unit paver joint pattern].

F. Pavers over Waterproofing: Exercise care in placing pavers and setting materials over 
waterproofing so protection materials are not displaced and waterproofing is not punctured or 
otherwise damaged. Carefully replace protection materials that become displaced and arrange 
for repair of damaged waterproofing before covering with paving.

1. Provide joint filler at waterproofing that is turned up on vertical surfaces[ unless otherwise 
indicated; where unfilled joints are indicated, provide temporary filler or protection until 
paver installation is complete].

G. Tolerances:

1. Do not exceed 1/32-inch unit-to-unit offset from flush (lippage) or 1/8 inch in 10 feet from 
level, or indicated slope, for finished surface of paving.

2. Do not exceed[ 1/16-inch unit-to-unit offset from flush (lippage) nor 1/8 inch in 24 inches 
and] 1/4 inch in 10 feet from level, or indicated slope, for finished surface of paving.

H. Expansion and Control Joints:

1. Provide for sealant-filled joints at locations and of widths indicated. Provide compressible 
foam filler as backing for sealant-filled joints[ unless otherwise indicated; where unfilled 
joints are indicated, provide temporary filler until paver installation is complete]. Install joint 
filler before setting pavers. Sealant materials and installation are specified in Section 07 
9200 "Joint Sealants."

2. Provide cork joint filler at locations and of widths indicated. Install joint filler before setting 
pavers. Make top of joint filler flush with top of pavers.

I. Provide edge restraints as indicated. Install edge restraints before placing unit pavers.

1. Install edge restraints to comply with manufacturer's written instructions. Install stakes at 
intervals required to hold edge restraints in place during and after unit paver installation.

2. For metal edge restraints with top edge exposed, drive stakes at least 1 inch below top 
edge.

3. Install job-built concrete edge restraints to comply with requirements in Section 03 3000 
"Cast-in-Place Concrete."
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4. Where pavers set in mortar bed are indicated as edge restraints for pavers set in 
aggregate setting bed, install pavers set in mortar and allow mortar to cure before placing 
aggregate setting bed and remainder of pavers. Cut off mortar bed at a steep angle so it 
will not interfere with aggregate setting bed.

5. Where pavers embedded in concrete are indicated as edge restraints for pavers set in 
aggregate setting bed, install pavers embedded in concrete and allow concrete to cure 
before placing aggregate setting bed and remainder of pavers. Hold top of concrete below 
aggregate setting bed.

J. Provide steps made of pavers as indicated. Install paver steps before installing adjacent pavers.

1. Where pavers set in mortar bed are indicated for steps constructed adjacent to pavers set 
in aggregate setting bed, install steps and allow mortar to cure before placing aggregate 
setting bed and remainder of pavers. Cut off mortar bed at a steep angle so it will not 
interfere with aggregate setting bed.

3.4 AGGREGATE SETTING-BED APPLICATIONS

A. Compact soil subgrade uniformly to at least [95] <Insert number> percent of [ASTM D698] 
[ASTM D1557] laboratory density.

B. Proof-roll prepared subgrade to identify soft pockets and areas of excess yielding. Excavate soft 
spots, unsatisfactory soils, and areas of excessive pumping or rutting, as determined by 
Architect, and replace with compacted backfill or fill as directed.

C. Place separation geotextile over prepared subgrade, overlapping ends and edges at least 12 
inches.

D. Place aggregate[ subbase and] base, compact by tamping with plate vibrator, and screed to 
depth indicated.

E. Place aggregate[ subbase and] base, compact to 100 percent of ASTM D1557 maximum 
laboratory density, and screed to depth indicated.

F. Place drainage geotextile over compacted base course, overlapping ends and edges at least 12 
inches.

G. Place leveling course and screed to a thickness of 1 to 1-1/2 inches, taking care that moisture 
content remains constant and density is loose and uniform until pavers are set and compacted.

H. Treat leveling course with herbicide to inhibit growth of grass and weeds.

I. Set pavers with a minimum joint width of 1/16 inch and a maximum of 1/8 inch, being careful not 
to disturb leveling base. If pavers have spacer bars, place pavers hand tight against spacer bars. 
Use string lines to keep straight lines. Fill gaps between units that exceed [3/8 inch] <Insert 
dimension> with pieces cut to fit from full-size unit pavers.
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1. When installation is performed with mechanical equipment, use only unit pavers with 
spacer bars on sides of each unit.

J. Vibrate pavers into leveling course with a low-amplitude plate vibrator capable of a 3500- to 
5000-lbf compaction force at 80 to 90 Hz. Use vibrator with neoprene mat on face of plate or 
other means as needed to prevent cracking and chipping of pavers. Perform at least three 
passes across paving with vibrator.

1. Compact pavers when there is sufficient surface to accommodate operation of vibrator, 
leaving at least 36 inches of uncompacted pavers adjacent to temporary edges.

2. Before ending each day's work, compact installed concrete pavers except for 36-inch 
width of uncompacted pavers adjacent to temporary edges (laying faces).

3. As work progresses to perimeter of installation, compact installed pavers that are adjacent 
to permanent edges unless they are within 36 inches of laying face.

4. Before ending each day's work and when rain interrupts work, cover pavers that have not 
been compacted and cover leveling course on which pavers have not been placed with 
nonstaining plastic sheets to protect them from rain.

K. Spread dry sand and fill joints immediately after vibrating pavers into leveling course. Vibrate 
pavers and add sand until joints are completely filled, then remove excess sand. Leave a slight 
surplus of sand on the surface for joint filling.

L. Do not allow traffic on installed pavers until sand has been vibrated into joints.

M. Repeat joint-filling process 30 days later.

3.5 BITUMINOUS SETTING-BED APPLICATIONS

A. Apply primer to concrete slab or binder course immediately before placing setting bed.

B. Prepare for setting-bed placement by locating 3/4-inch- deep control bars approximately 11 feet 
apart and parallel to one another, to serve as guides for striking board. Adjust bars to subgrades 
required for accurate setting of paving units to finished grades indicated.

C. Place bituminous setting bed where indicated, in panels, by spreading bituminous material 
between control bars. Spread mix at a minimum temperature of 250 deg F. Strike setting bed 
smooth, firm, even, and not less than 3/4 inch thick. Add fresh bituminous material to low, porous 
spots after each pass of striking board. After each panel is completed, advance first control bar to 
next position in readiness for striking adjacent panels. Carefully fill depressions that remain after 
removing depth-control bars.

1. Roll setting bed with power roller to a nominal depth of 3/4 inch. Adjust thickness as 
necessary to allow accurate setting of unit pavers to finished grades indicated. Complete 
rolling before mix temperature cools to 185 deg F.
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D. Apply neoprene-modified asphalt adhesive to cold setting bed by squeegeeing or troweling to a 
uniform thickness of 1/16 inch. Proceed with setting of paving units only after adhesive is tacky 
and surface is dry to touch.

E. Place pavers carefully by hand in straight courses, maintaining accurate alignment and uniform 
top surface. Protect newly laid pavers with plywood panels on which workers can stand. Advance 
protective panels as work progresses, but maintain protection in areas subject to continued 
movement of materials and equipment to avoid creating depressions or disrupting alignment of 
pavers. If additional leveling of paving is required, and before treating joints, roll paving with 
power roller after sufficient heat has built up in the surface from several days of hot weather.

F. Joint Treatment: Place unit pavers with hand-tight joints. Fill joints by sweeping sand over paved 
surface until joints are filled. Remove excess sand after joints are filled.

3.6 MORTAR SETTING-BED APPLICATIONS

A. Saturate concrete subbase with clean water several hours before placing setting bed. Remove 
surface water about one hour before placing setting bed.

B. Apply mortar-bed bond coat over surface of concrete subbase about 15 minutes before placing 
mortar bed. Do not exceed 1/16-inch thickness for bond coat. Limit area of bond coat to avoid its 
drying out before placing setting bed.

C. Apply mortar bed over bond coat; spread and screed mortar bed to uniform thickness at 
subgrade elevations required for accurate setting of pavers to finished grades indicated.

D. Place reinforcing wire over concrete subbase, lapped at joints by at least one full mesh and 
supported so mesh becomes embedded in the middle of mortar bed. Hold edges back from 
vertical surfaces approximately 1/2 inch.

E. Place mortar bed with reinforcing wire fully embedded in middle of mortar bed. Spread and 
screed mortar bed to uniform thickness at subgrade elevations required for accurate setting of 
pavers to finished grades indicated.

F. Mix and place only that amount of mortar bed that can be covered with pavers before initial set. 
Before placing pavers, cut back, bevel edge, and remove and discard setting-bed material that 
has reached initial set.

G. Wet brick pavers before laying if the initial rate of absorption exceeds 30 g/30 sq. in. per minute 
when tested according to ASTM C67. Allow units to absorb water so they are damp but not wet 
at time of laying.

H. Place pavers before initial set of cement occurs. Immediately before placing pavers on mortar 
bed, apply uniform 1/16-inch- thick bond coat to mortar bed or to back of each paver with a flat 
trowel.
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I. Tamp or beat pavers with a wooden block or rubber mallet to obtain full contact with setting bed 
and to bring finished surfaces within indicated tolerances. Set each paver in a single operation 
before initial set of mortar; do not return to areas already set or disturb pavers for purposes of 
realigning finished surfaces or adjusting joints.

J. Spaced Joint Widths: Provide [3/8-inch] [1/2-inch] [3/4-inch] nominal joint width with variations not 
exceeding plus or minus [1/16 inch] [1/8 inch] [3/16 inch].

K. Grouted Joints: Grout paver joints complying with ANSI A108.10.

L. Grout joints as soon as possible after initial set of setting bed.

1. Force grout into joints, taking care not to smear grout on adjoining surfaces.
2. Clean pavers as grouting progresses by dry brushing or rubbing with dry burlap to remove 

smears before tooling joints.
3. Tool exposed joints slightly concave when thumbprint hard, using a jointer larger than joint 

thickness unless otherwise indicated.
4. If tooling squeezes grout from joints, remove excess grout and smears by dry brushing or 

rubbing with dry burlap and tool joints again to produce a uniform appearance.

M. Cure grout by maintaining in a damp condition for seven days unless otherwise recommended by 
grout or liquid-latex manufacturer.

3.7 REPAIRING, POINTING, AND CLEANING

A. Remove and replace unit pavers that are loose, chipped, broken, stained, or otherwise damaged 
or that do not match adjoining units. Provide new units to match adjoining units and install in 
same manner as original units, with same joint treatment and with no evidence of replacement.

B. Pointing: During tooling of joints, enlarge voids or holes and completely fill with grout. Point joints 
at sealant joints to provide a neat, uniform appearance, properly prepared for sealant application.

C. Cleaning: Remove excess grout from exposed paver surfaces; wash and scrub clean.

1. Remove temporary protective coating as recommended by coating manufacturer and as 
acceptable to paver and grout manufacturers.

2. Do not allow protective coating to enter floor drains. Trap, collect, and remove coating 
material.

END OF SECTION 32 1400
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SECTION 41 2200 - CRANES AND HOISTS

PART 1 - GENERAL

1.1 SUMMARY

A. Work Includes:

1. Bottom-flange-running single girder chain hoist.

1.2 SUBMITTALS

A. Action Submittals:

1. Product Data: For each type of product.

B. Informational Submittals

1. Operation and Maintenance Materials, include the following:

a. Assembly, installation, adjustment, and alignment instructions.
b. Operating instructions.
c. Maintenance instructions.
d. Troubleshooting guide.
e. Parts list.

1.3 QUALITY ASSURANCE

A. Installer shall be factory-trained and certified by crane/hoist manufacturer.

B. Hoist shall be UL certified and listed to UL 1340 "Standard for Hoists"

C. Contractor shall adhere to OSHA, ANSI, CMAA, HMI specifications and standards, CMAA 
specification 74 or 70 as applicable, state, and local safety guidelines, laws, rules, and 
regulations.

D. All electric equipment shall be UL, CSA c/us or ETL labeled.

E. Contractor shall order long lead items including hoist, end trucks, drives and controls upon 
receipt of purchase order and credit approval; steel shall not be ordered until crane shop 
drawings and submittals have been approved by the Architect.
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1.4 WARRANTY

A. Manufacturer's Warranty: Manufacturer agrees to repair or replace defective materials and 
workmanship at no cost to the Owner for a period of one year from the date of Substantial 
Completion.

PART 2 - PRODUCTS

2.1 ELECTRIC CHAIN HOIST WITH MOTORIZED TROLLEY

A. Hoist Characteristics, General:

1. Capacity: 1 tons.
2. Type: Bottom flange running motorized trolley
3. Lifting Speed: 14 FPM; dual speed.
4. Trolley Speed: 80 FPM; dual speed.
5. Hoist Lift: 21 feet 6 Inches, approximately. Manufacturer shall field-verify exact 

dimensions.
6. Control: Pendant; 4 button (momentary contact) with emergency on/off.
7. Ratings:

a. Trolley: IP55
b. Pendant: IP65

8. Shafts:  Manufacturers standard shafts that fit wide flange range.  Contractor shall 
coordinate flange size prior to purchasing crane hoist.

9. Drops: Manufacturers standard.
10. Bumpers: Manufacturers standard.
11. Wheels:  All steel with shielded ball bearings that fit flat or tapered beam flange.
12. Power supply Length:  30 feet; contractor to verify required length for maximum 

operational range prior to purchasing crane hoist.
13. Pendant Drop:  4 feet less than lift height.
14. Accessories: Canvas chain container.

B. Power Supply Characteristics:

1. Power supply for the hoist shall be 460-volt, 3 ph., 60 Hz.  All power required for the 
operation of the hoist and trolley shall be developed from this source.

2. Pendant power supply shall 110V

C. Basis-of-Design: Subject to compliance with requirements, provide Harrington NERM/ERM 
Electric Chain Hoist with Motorized Trolley model (N)ERM010L-S; or a comparable system by 
another manufacturer.
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PART 3 - EXECUTION

3.1 INSTALLATION AND INSPECTION

A. Inspect structure and crane rail erection for conformance with reviewed shop drawings and 
contract documents prior to installation of equipment.  Bring nonconforming work to the attention 
of the customer prior to proceeding with crane installation.  Non-conforming runway structure or 
installation must be corrected prior to load testing of crane system.  

B. Crane hoists shall be installed in conformance with manufacturer's instructions and inspected by 
a manufacturer's representative.  Provide all necessary accessories to make crane hoist 
complete, usable, and capable of meeting the operating requirements specified in the Operating 
Requirements.  Test, adjust and clean equipment for acceptance by Owner.

3.2 TESTING

A. All crane equipment shall be operated through a complete lift and lowering cycle and through a 
complete travel of the trolley to determine that the equipment shall perform smoothly and safely, 
and that pendant cable length is sufficient to permit operation from desired floor levels.  All tests 
shall be carried out with the crane hoist equipment loaded at 100 percent of capacity.  The crane 
hoist provider shall provide the test weight loads.  Any defects shall be corrected by the crane 
hoist provider without any expense to the Owner.

3.3 USE BY CONTRACTOR

A. Contractor shall only use crane hoist if specifically approved by Owner.

B. If crane hoist is used by the Contractor, it shall be repaired, repainted, and otherwise refurbished 
to like new condition prior to its acceptance.  The Contractor assumes all responsibility for 
operation and maintenance until the crane hoist has been accepted by Owner.

3.4 CLEANUP

A. Upon completion of work, area shall be cleaned and restored to original condition, acceptable to 
the Owner.

END OF SECTION 04 2000
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	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 SUMMARY
	A. This Section includes water-distribution piping and related components outside the building for water service, fire-service mains, and combined water service and fire-service mains.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product indicated.
	B. Shop Drawings: Detail precast concrete vault assemblies and indicate dimensions, method of field assembly, and components.

	1.4 INFORMATIONAL SUBMITTALS
	A. Field quality-control test reports.

	1.5 CLOSEOUT SUBMITTALS
	A. Operation and maintenance data.

	1.6 QUALITY ASSURANCE
	A. Regulatory Requirements:
	1. Comply with requirements of utility company supplying water. Include tapping of water mains and backflow prevention.
	2. Comply with standards of authorities having jurisdiction for potable-water-service piping, including materials, installation, testing, and disinfection.
	3. Comply with standards of authorities having jurisdiction for fire-suppression water-service piping, including materials, hose threads, installation, and testing.

	B. Piping materials shall bear label, stamp, or other markings of specified testing agency.
	C. Comply with ASTM F 645 for selection, design, and installation of thermoplastic water piping.
	D. Comply with FMG's "Approval Guide" or UL's "Fire Protection Equipment Directory" for fire-service-main products.
	E. NFPA Compliance: Comply with NFPA 24 for materials, installations, tests, flushing, and valve and hydrant supervision for fire-service-main piping for fire suppression.
	F. NSF Compliance:
	1. Comply with NSF 14 for plastic potable-water-service piping.
	2. Comply with NSF 61 Annex G for materials for water-service piping and specialties for domestic water.


	1.7 PROJECT CONDITIONS
	A. Interruption of Existing Water-Distribution Service: Do not interrupt service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary water-distribution service ac...
	1. Notify Owner no fewer than three days in advance of proposed interruption of service.
	2. Do not proceed with interruption of water-distribution service without Owner's written permission.


	1.8 COORDINATION
	A. Coordinate connection to water main with utility company.


	PART 2 -  PRODUCTS
	2.1 PIPE AND FITTINGS
	A. Soft Copper Tube:  ASTM B 88, Type K, water tube, annealed temper.
	1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-copper, solder-joint pressure type. Furnish only wrought-copper fittings if indicated.

	B. Hard Copper Tube:  ASTM B 88, Type K, water tube, drawn temper.
	1. Copper, Solder-Joint Fittings: ASME B16.18, cast-copper-alloy or ASME B16.22, wrought-copper, solder-joint pressure type. Furnish only wrought-copper fittings if indicated.

	C. Mechanical-Joint, Ductile-Iron Pipe: AWWA C151, with mechanical-joint bell and plain spigot end unless grooved or flanged ends are indicated.
	1. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or AWWA C153, ductile-iron compact pattern.
	2. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, and steel bolts.

	D. Push-on-Joint, Ductile-Iron Pipe: AWWA C151, with push-on-joint bell and plain spigot end unless grooved or flanged ends are indicated.
	1. Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or AWWA C153, ductile-iron compact pattern.
	2. Gaskets: AWWA C111, rubber.

	E. Grooved-Joint, Ductile-Iron Pipe: AWWA C151, with cut, rounded-grooved ends.
	1. Grooved-End, Ductile-Iron Pipe Appurtenances:

	F. PVC, AWWA Pipe: AWWA C900, Class 150, with bell end with gasket, and with spigot end.
	1. Comply with UL 1285 for fire-service mains if indicated.
	2. PVC Fabricated Fittings: AWWA C900, Class 150, with bell-and-spigot or double-bell ends. Include elastomeric gasket in each bell.
	3. PVC Molded Fittings: AWWA C907, Class 150, with bell-and-spigot or double-bell ends. Include elastomeric gasket in each bell.
	4. Push-on-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or AWWA C153, ductile-iron compact pattern.
	a. Gaskets: AWWA C111, rubber.

	5. Mechanical-Joint, Ductile-Iron Fittings: AWWA C110, ductile- or gray-iron standard pattern or AWWA C153, ductile-iron compact pattern.
	a. Glands, Gaskets, and Bolts: AWWA C111, ductile- or gray-iron glands, rubber gaskets, and steel bolts.



	2.2 JOINING MATERIALS
	A. Refer to Section 330500 "Common Work Results for Utilities" for commonly used joining materials.
	B. Brazing Filler Metals: AWS A5.8, BCuP Series.
	C. Bonding Adhesive for Fiberglass Piping: As recommended by fiberglass piping manufacturer.
	D. Plastic Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system manufacturer, unless otherwise indicated.

	2.3 PIPING SPECIALTIES
	A. Transition Fittings: Manufactured fitting or coupling same size as, with pressure rating at least equal to and ends compatible with, piping to be joined.
	B. Tubular-Sleeve Pipe Couplings:
	1. Description: Metal, bolted, sleeve-type, reducing or transition coupling, with center sleeve, gaskets, end rings, and bolt fasteners and with ends of same sizes as piping to be joined.
	a. Standard: AWWA C219.



	2.4 GATE VALVES
	A. AWWA, Cast-Iron Gate Valves:
	1. Nonrising-Stem, Resilient-Seated Gate Valves:
	a. Description: Gray- or ductile-iron body and bonnet; with bronze or gray- or ductile-iron gate, resilient seats, bronze stem, and stem nut.
	1) Standard: AWWA C509.
	2) Minimum Pressure Rating: 200 psig.
	3) End Connections: Mechanical joint.
	4) Interior Coating: Complying with AWWA C550.


	2. Nonrising-Stem, High-Pressure, Resilient-Seated Gate Valves:
	a. Description: Ductile-iron body and bonnet; with bronze or ductile-iron gate, resilient seats, bronze stem, and stem nut.
	1) Standard: AWWA C509.
	2) Minimum Pressure Rating: 250 psig.
	3) End Connections: Push on or mechanical joint.
	4) Interior Coating: Complying with AWWA C550.



	B. UL/FMG, Cast-Iron Gate Valves:
	1. OS&Y, Rising-Stem Gate Valves:
	a. Description: Iron body and bonnet and bronze seating material.
	1) Standards: UL 262 and FMG approved.
	2) Minimum Pressure Rating: 175 psig.
	3) End Connections: Flanged.



	C. Bronze Gate Valves:
	1. OS&Y, Rising-Stem Gate Valves:
	a. Description: Bronze body and bonnet and bronze stem.
	1) Standards: UL 262 and FMG approved.
	2) Minimum Pressure Rating: 175 psig.
	3) End Connections: Threaded.


	2. Nonrising-Stem Gate Valves:
	a. Description: Class 125, Type 1, bronze with solid wedge, threaded ends, and malleable-iron handwheel.
	1) Standard: MSS SP-80.




	2.5 GATE VALVE ACCESSORIES AND SPECIALTIES
	A. Tapping-Sleeve Assemblies:
	1. Description: Sleeve and valve compatible with drilling machine.
	a. Standard: MSS SP-60.
	b. Tapping Sleeve: Cast- or ductile-iron or stainless-steel, two-piece bolted sleeve with flanged outlet for new branch connection. Include sleeve matching size and type of pipe material being tapped and with recessed flange for branch valve.
	c. Valve: AWWA, cast-iron, nonrising-stem, metal-seated gate valve with one raised face flange mating tapping-sleeve flange.


	B. Valve Boxes: Comply with AWWA M44 for cast-iron valve boxes. Include top section, adjustable extension of length required for depth of burial of valve, plug with lettering "WATER," and bottom section with base that fits over valve and with a barrel...
	1. Operating Wrenches: Steel, tee-handle with one pointed end, stem of length to operate deepest buried valve, and socket matching valve operating nut.

	C. Indicator Posts: UL 789, FMG-approved, vertical-type, cast-iron body with operating wrench, extension rod, and adjustable cast-iron barrel of length required for depth of burial of valve.

	2.6 WATER METERS
	A. Water meters will be furnished by utility company.

	2.7 BACKFLOW PREVENTERS
	A. Double-Check, Backflow-Prevention Assemblies:
	1. Standard:  ASSE 1015 or AWWA C510.
	2. Operation: Continuous-pressure applications, unless otherwise indicated.
	3. Pressure Loss:  5 psig maximum, through middle 1/3 of flow range.
	4. Size: NPS 3/4 to NPS 10.
	5. Body: Bronze for NPS 2 and smaller; cast iron with interior lining complying with AWWA C550 or that is FDA approved for NPS 2-1/2 and larger.
	6. End Connections: Threaded for NPS 2 and smaller; flanged for NPS 2-1/2 and larger.
	7. Configuration: Designed for horizontal, straight through flow.
	8. Accessories: Ball valves with threaded ends on inlet and outlet of NPS 2 and smaller; OS&Y gate valves with flanged ends on inlet and outlet of NPS 2-1/2 and larger.


	2.8 WATER METER BOXES
	A. Description: Cast-iron body and cover for disc-type water meter, with lettering "WATER METER" in cover; and with slotted, open-bottom base section of length to fit over service piping.
	1. Option: Base section may be cast-iron, PVC, clay, or other pipe.

	B. Description: Cast-iron body and double cover for disc-type water meter, with lettering "WATER METER" in top cover; and with separate inner cover; air space between covers; and slotted, open-bottom base section of length to fit over service piping.
	C. Description: Polymer-concrete body and cover for disc-type water meter, with lettering "WATER" in cover; and with slotted, open-bottom base section of length to fit over service piping. Include vertical and lateral design loadings of 15,000 lb mini...

	2.9 CONCRETE VAULTS
	A. Description: Precast, reinforced-concrete vault, designed for A-16 load designation according to ASTM C 857 and made according to ASTM C 858.
	1. Ladder: ASTM A 36/A 36M, steel or polyethylene-encased steel steps.
	2. Manhole: ASTM A 48/A 48M Class No. 35A minimum tensile strength, gray-iron traffic frame and cover.
	a. Dimension: 24-inch minimum diameter, unless otherwise indicated.

	3. Manhole: ASTM A 536, Grade 60-40-18, ductile-iron traffic frame and cover.
	a. Dimension: 24-inch-minimum diameter, unless otherwise indicated.

	4. Drain: ASME A112.6.3, cast-iron floor drain with outlet of size indicated. Include body anchor flange, light-duty cast-iron grate, bottom outlet, and integral or field-installed bronze ball or clapper-type backwater valve.


	2.10 FIRE HYDRANTS
	A. Dry-Barrel Fire Hydrants:
	1. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main valve, drain valve, and NPS 6 mechanical-joint inlet. Include interior coating according to AWWA C550. Hydrant shall have cast-iron body, compression-type valv...
	a. Standard: AWWA C502.
	b. Pressure Rating:  150 psig minimum.

	2. Description: Freestanding, with one NPS 4-1/2 and two NPS 2-1/2 outlets, 5-1/4-inch main valve, drain valve, and NPS 6 mechanical-joint inlet. Hydrant shall have cast-iron body, compression-type valve opening against pressure and closing with press...
	a. Standards: UL 246, FMG approved.
	b. Pressure Rating:  150 psig minimum.
	c. Outlet Threads: NFPA 1963, with external hose thread used by local fire department. Include cast-iron caps with steel chains.
	d. Operating and Cap Nuts: Pentagon, 1-1/2 inches point to flat.
	e. Direction of Opening: Open hydrant valve by turning operating nut to left or counterclockwise.
	f. Exterior Finish: Red alkyd-gloss enamel paint, unless otherwise indicated.




	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Refer to Section 312000 "Earth Moving" for excavating, trenching, and backfilling.

	3.2 PIPING APPLICATIONS
	A. General: Use pipe, fittings, and joining methods for piping systems according to the following applications.
	B. Transition couplings and special fittings with pressure ratings at least equal to piping pressure rating may be used, unless otherwise indicated.
	C. Do not use flanges or unions for underground piping.
	D. Flanges, unions, and special fittings may be used, instead of joints indicated, on aboveground piping and piping in vaults.
	E. Underground water-service piping NPS 3/4 to NPS 3 shall be soft copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and brazed joints.
	F. Underground water-service piping NPS 4 and NPS 6 shall be any of the following:
	1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints.
	2. NPS 4 and NPS 6: NPS 6 PVC, AWWA Class 150 pipe; PVC, AWWA Class 150 molded fittings; and gasketed joints.

	G. Water Meter Box Water-Service Piping NPS 3/4 to NPS 2 shall be same as underground water-service piping.
	H. Aboveground and Vault Water-Service Piping NPS 3/4 to NPS 3 shall be hard copper tube, ASTM B 88, Type K; wrought-copper, solder-joint fittings; and brazed joints.
	I. Aboveground and vault water-service piping NPS 4 and NPS 6 shall be the following:
	1. Ductile-iron, grooved-end pipe; ductile-iron, grooved-end appurtenances; and grooved joints.

	J. Underground Fire-Service-Main Piping NPS 6 to NPS 8 shall be the following:
	1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints.

	K. Aboveground and Vault Fire-Service-Main Piping NPS 6 to NPS 8 shall be ductile-iron, grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints.
	L. Underground Combined Water-Service and Fire-Service-Main Piping NPS 6 to NPS 10 shall be any of the following:
	1. Ductile-iron, push-on-joint pipe; ductile-iron, push-on-joint fittings; and gasketed joints.

	M. Aboveground and Vault Combined Water Service and Fire-Service-Main Piping NPS 6 to NPS 10 shall be ductile-iron, grooved-end pipe; ductile-iron-pipe appurtenances; and grooved joints.

	3.3 VALVE APPLICATIONS
	A. General Application: Use mechanical-joint-end valves for NPS 3 and larger underground installation. Use threaded- or flanged-end valves for installation in vaults. Use UL/FMG, nonrising-stem gate valves for installation with indicator posts. Use co...
	B. Drawings indicate valve types to be used. Where specific valve types are not indicated, the following requirements apply:
	1. Underground Valves, NPS 3 and Larger: AWWA, cast-iron, nonrising-stem, resilient-seated gate valves with valve box.
	2. Use the following for valves in vaults and aboveground:
	a. Gate Valves, NPS 2 and Smaller: Bronze, nonrising stem.
	b. Gate Valves, NPS 3 and Larger:  AWWA, cast iron, OS&Y rising stem, resilient seated.



	3.4 PIPING SYSTEMS - COMMON REQUIREMENTS
	A. See Section 330500 "Common Work Results for Utilities" for piping-system common requirements.

	3.5 PIPING INSTALLATION
	A. Water-Main Connection: Arrange with utility company for tap of size and in location indicated in water main.
	B. Water-Main Connection: Tap water main according to requirements of water utility company and of size and in location indicated.
	C. Make connections larger than NPS 2 with tapping machine according to the following:
	1. Install tapping sleeve and tapping valve according to MSS SP-60.
	2. Install tapping sleeve on pipe to be tapped. Position flanged outlet for gate valve.
	3. Use tapping machine compatible with valve and tapping sleeve; cut hole in main. Remove tapping machine and connect water-service piping.
	4. Install gate valve onto tapping sleeve. Comply with MSS SP-60. Install valve with stem pointing up and with valve box.

	D. Make connections NPS 2 and smaller with drilling machine according to the following:
	1. Install service-saddle assemblies and corporation valves in size, quantity, and arrangement required by utility company standards.
	2. Install service-saddle assemblies on water-service pipe to be tapped. Position outlets for corporation valves.
	3. Use drilling machine compatible with service-saddle assemblies and corporation valves. Drill hole in main. Remove drilling machine and connect water-service piping.
	4. Install corporation valves into service-saddle assemblies.
	5. Install manifold for multiple taps in water main.
	6. Install curb valve in water-service piping with head pointing up and with service box.

	E. Comply with NFPA 24 for fire-service-main piping materials and installation.
	1. Install copper tube and fittings according to CDA's "Copper Tube Handbook."

	F. Install ductile-iron, water-service piping according to AWWA C600 and AWWA M41.
	G. Install PE pipe according to ASTM D 2774 and ASTM F 645.
	H. Install PVC, AWWA pipe according to ASTM F 645 and AWWA M23.
	I. Bury piping with depth of cover over top at least 30 inches, with top at least 12 inches below level of maximum frost penetration.
	J. Extend water-service piping and connect to water-supply source and building-water-piping systems at outside face of building wall in locations and pipe sizes indicated.
	1. Terminate water-service piping at building wall until building-water-piping systems are installed. Terminate piping with caps, plugs, or flanges as required for piping material. Make connections to building-water-piping systems when those systems a...

	K. Mechanical sleeve seals are specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	L. Install underground piping with restrained joints at horizontal and vertical changes in direction. Use restrained-joint piping, thrust blocks, anchors, tie-rods and clamps, and other supports.

	3.6 JOINT CONSTRUCTION
	A. See Section 330500 "Common Work Results for Utilities" for basic piping joint construction.
	B. Make pipe joints according to the following:
	1. Ductile-Iron Piping, Gasketed Joints for Water-Service Piping: AWWA C600 and AWWA M41.
	2. Ductile-Iron Piping, Gasketed Joints for Fire-Service-Main Piping: UL 194.
	3. Ductile-Iron Piping, Grooved Joints: Cut-groove pipe. Assemble joints with grooved-end, ductile-iron-piping couplings, gaskets, lubricant, and bolts according to coupling manufacturer's written instructions.
	4. PE Piping Insert-Fitting Joints: Use plastic insert fittings and fasteners according to fitting manufacturer's written instructions.
	5. PVC Piping Gasketed Joints: Use joining materials according to AWWA C900. Construct joints with elastomeric seals and lubricant according to ASTM D 2774 or ASTM D 3139 and pipe manufacturer's written instructions.
	6. Dissimilar Materials Piping Joints: Use adapters compatible with both piping materials, with OD, and with system working pressure.


	3.7 ANCHORAGE INSTALLATION
	A. Anchorage, General: Install water-distribution piping with restrained joints. Anchorages and restrained-joint types that may be used include the following:
	1. Concrete thrust blocks.
	2. Locking mechanical joints.
	3. Set-screw mechanical retainer glands.
	4. Bolted flanged joints.

	B. Install anchorages for tees, plugs and caps, bends, crosses, valves, and hydrant branches. Include anchorages for the following piping systems:
	1. Gasketed-Joint, Ductile-Iron, Water-Service Piping: According to AWWA C600.
	2. Gasketed-Joint, PVC Water-Service Piping: According to AWWA M23.
	3. Fire-Service-Main Piping: According to NFPA 24.

	C. Apply full coat of asphalt or other acceptable corrosion-resistant material to surfaces of installed ferrous anchorage devices.

	3.8 VALVE INSTALLATION
	A. AWWA Gate Valves: Comply with AWWA C600 and AWWA M44. Install each underground valve with stem pointing up and with valve box.
	B. UL/FMG, Gate Valves: Comply with NFPA 24. Install each underground valve and valves in vaults with stem pointing up and with vertical cast-iron indicator post.
	C. MSS Valves: Install as component of connected piping system.
	D. Corporation Valves and Curb Valves: Install each underground curb valve with head pointed up and with service box.

	3.9 WATER METER INSTALLATION
	A. Install water meters, piping, and specialties according to utility company's written instructions.
	B. Water Meters: Install displacement-type water meters, NPS 2 and smaller, in meter boxes with shutoff valves on water meter inlets. Include valves on water meter outlets and valved bypass around meters unless prohibited by authorities having jurisdi...
	C. Water Meters: Install compound-type water meters, NPS 3 and larger, in meter vaults. Include shutoff valves on water meter inlets and outlets and valved bypass around meters. Support meters, valves, and piping on brick or concrete piers.

	3.10 BACKFLOW PREVENTER INSTALLATION
	A. Install backflow preventers of type, size, and capacity indicated. Include valves and test cocks. Install according to requirements of plumbing and health department and authorities having jurisdiction.
	B. Do not install backflow preventers that have relief drain in vault or in other spaces subject to flooding.
	C. Do not install bypass piping around backflow preventers.

	3.11 WATER METER BOX INSTALLATION
	A. Install water meter boxes in paved areas flush with surface.
	B. Install water meter boxes in grass or earth areas with top 2 inches above surface.

	3.12 CONCRETE VAULT INSTALLATION
	A. Install precast concrete vaults according to ASTM C 891.

	3.13 FIRE HYDRANT INSTALLATION
	A. General: Install each fire hydrant with separate gate valve in supply pipe, anchor with restrained joints or thrust blocks, and support in upright position.
	B. Wet-Barrel Fire Hydrants: Install with valve below frost line. Provide for drainage.
	C. AWWA Fire Hydrants: Comply with AWWA M17.
	D. UL/FMG Fire Hydrants: Comply with NFPA 24.

	3.14 FIRE DEPARTMENT CONNECTION INSTALLATION
	A. Install protective pipe bollards on two sides of each fire department connection.

	3.15 CONNECTIONS
	A. See Section 330500 "Common Work Results for Utilities" for piping connections to valves and equipment.
	B. Connect water-distribution piping to utility water main. Use tapping sleeve and tapping valve.
	C. Connect water-distribution piping to interior domestic water and fire-suppression piping.

	3.16 FIELD QUALITY CONTROL
	A. Piping Tests: Conduct piping tests before joints are covered and after concrete thrust blocks have hardened sufficiently. Fill pipeline 24 hours before testing and apply test pressure to stabilize system. Use only potable water.
	B. Hydrostatic Tests: Test at not less than one-and-one-half times working pressure for two hours.
	1. Increase pressure in 50-psig increments and inspect each joint between increments. Hold at test pressure for 1 hour; decrease to 0 psig. Slowly increase again to test pressure and hold for 1 more hour. Maximum allowable leakage is 2 quarts per hour...

	C. Prepare reports of testing activities.

	3.17 IDENTIFICATION
	A. Install continuous underground detectable warning tape during backfilling of trench for underground water-distribution piping. Locate below finished grade, directly over piping. Underground warning tapes are specified in Section 312000 "Earth Moving."
	B. Permanently attach equipment nameplate or marker indicating plastic water-service piping, on main electrical meter panel. See Section 330500 "Common Work Results for Utilities" for identifying devices.

	3.18 CLEANING
	A. Clean and disinfect water-distribution piping as follows:
	1. Purge new water-distribution piping systems and parts of existing systems that have been altered, extended, or repaired before use.
	2. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if method is not prescribed by authorities having jurisdiction, use procedure described in NFPA 24 for flushing of piping. Flush piping system with clean, pota...
	3. Use purging and disinfecting procedure prescribed by authorities having jurisdiction or, if method is not prescribed by authorities having jurisdiction, use procedure described in AWWA C651 or do as follows:
	a. Fill system or part of system with water/chlorine solution containing at least 50 ppm of chlorine; isolate and allow to stand for 24 hours.
	b. Drain system or part of system of previous solution and refill with water/chlorine solution containing at least 200 ppm of chlorine; isolate and allow to stand for 3 hours.
	c. After standing time, flush system with clean, potable water until no chlorine remains in water coming from system.
	d. Submit water samples in sterile bottles to authorities having jurisdiction. Repeat procedure if biological examination shows evidence of contamination.


	B. Prepare reports of purging and disinfecting activities.
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	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 SUMMARY
	A. Section Includes:
	1. Hub-and-spigot, cast-iron soil pipe and fittings.
	2. Hubless cast-iron soil pipe and fittings.
	3. Nonpressure-type transition couplings.
	4. Pressure-type pipe couplings.
	5. Expansion joints and deflection fittings.
	6. Cleanouts.
	7. Encasement for piping.
	8. Manholes.
	9. Concrete.


	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Shop Drawings: For manholes. Include plans, elevations, sections, details, and frames and covers.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:
	1. Show system piping in profile. Draw profiles to horizontal scale of not less than 1 inch equals 50 feet and to vertical scale of not less than 1 inch equals 5 feet. Indicate manholes and piping. Show types, sizes, materials, and elevations of other...

	B. Product Certificates: For each type of pipe and fitting.
	C. Field quality-control reports.


	PART 2 -  PRODUCTS
	2.1 PVC PIPE AND FITTINGS
	A. PVC Type PSM Sewer Piping:
	1. Pipe: ASTM D3034, SDR 35, PVC Type PSM sewer pipe with bell-and-spigot ends for gasketed joints.
	2. Fittings: ASTM D3034, PVC with bell ends.
	3. Gaskets: ASTM F477, elastomeric seals.


	2.2 NONPRESSURE-TYPE TRANSITION COUPLINGS
	A. Comply with ASTM C1173, elastomeric, sleeve-type, reducing or transition coupling; for joining underground nonpressure piping. Include ends of same sizes as piping to be joined and include corrosion-resistant-metal tension band and tightening mecha...
	B. Sleeve Materials:
	1. For Plastic Pipes: ASTM F477, elastomeric seal or ASTM D5926, PVC.
	2. For Dissimilar Pipes: ASTM D5926, PVC or other material compatible with pipe materials being joined.

	C. Unshielded, Flexible Couplings:
	1. Description: Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-metal tension band and tightening mechanism on each end.

	D. Ring-Type, Flexible Couplings:
	1. Description: Elastomeric compression seal with dimensions to fit inside bell of larger pipe and for spigot of smaller pipe to fit inside ring.

	E. Nonpressure-Type, Rigid Couplings:
	1. Description: ASTM C1461, sleeve-type, reducing- or transition-type mechanical coupling; molded from ASTM C1440, TPE material; with corrosion-resistant-metal tension band and tightening mechanism on each end.


	2.3 CLEANOUTS
	A. Cast-Iron Cleanouts:
	1. Description: ASME A112.36.2M, round, gray-iron housing with clamping device and round, secured, scoriated, gray-iron cover. Include gray-iron ferrule with inside calk or spigot connection and countersunk, tapered-thread, brass closure plug.
	2. Top-Loading Classification(s):  Light Duty and Heavy Duty.
	3. Sewer Pipe Fitting and Riser to Cleanout: ASTM A74, Service class, cast-iron soil pipe and fittings.


	2.4 MANHOLES
	A. Standard Precast Concrete Manholes:
	1. Description: ASTM C478, precast, reinforced concrete, of depth indicated, with provision for sealant joints.
	2. Diameter: 48 inches minimum unless otherwise indicated.
	3. Ballast: Increase thickness of precast concrete sections or add concrete to base section, as required to prevent flotation.
	4. Base Section: 6-inch minimum thickness for floor slab and 4-inch minimum thickness for walls and base riser section; with separate base slab or base section with integral floor.
	5. Riser Sections: 4-inch minimum thickness, of length to provide depth indicated.
	6. Top Section: Eccentric-cone type unless concentric-cone or flat-slab-top type is indicated; with top of cone of size that matches grade rings.
	7. Joint Sealant: ASTM C990, bitumen or butyl rubber.
	8. Resilient Pipe Connectors: ASTM C923, cast or fitted into manhole walls, for each pipe connection.
	9. Steps:  Individual FRP steps or FRP ladder; wide enough to allow worker to place both feet on one step and designed to prevent lateral slippage off step. Cast or anchor steps into sidewalls at 12- to 16-inch intervals. Omit steps if total depth fro...
	10. Adjusting Rings: Interlocking HDPE rings, with level or sloped edge in thickness and diameter matching manhole frame and cover, and with height as required to adjust manhole frame and cover to indicated elevation and slope. Include sealant recomme...
	11. Grade Rings: Reinforced-concrete rings, 6- to 9-inch total thickness, with diameter matching manhole frame and cover, and with height as required to adjust manhole frame and cover to indicated elevation and slope.

	B. Manhole Frames and Covers:
	1. Description: Ferrous; 24-inch ID by 7- to 9-inch riser, with 4-inch-minimum-width flange and 26-inch-diameter cover. Include indented top design with lettering cast into cover, using wording equivalent to "SANITARY SEWER."
	2. Material:  ASTM A536, Grade 60-40-18 ductile iron unless otherwise indicated.


	2.5 CONCRETE
	A. General: Cast-in-place concrete complying with ACI 318, ACI 350, and the following:
	1. Cement: ASTM C150/C150M, Type II.
	2. Fine Aggregate: ASTM C33/C33M, sand.
	3. Coarse Aggregate: ASTM C33/C33M, crushed gravel.
	4. Water: Potable.

	B. Portland Cement Design Mix: 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.
	1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain.
	2. Reinforcing Bars: ASTM A615/A615M, Grade 60 deformed steel.

	C. Manhole Channels and Benches: Factory or field formed from concrete. Portland cement design mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio. Include channels and benches in manholes.
	1. Channels: Concrete invert, formed to same width as connected piping, with height of vertical sides to three-fourths of pipe diameter. Form curved channels with smooth, uniform radius and slope.
	a. Invert Slope:  2 percent through manhole.

	2. Benches: Concrete, sloped to drain into channel.
	a. Slope:  4 percent.


	D. Ballast and Pipe Supports: Portland cement design mix, 3000 psi minimum, with 0.58 maximum water/cementitious materials ratio.
	1. Reinforcing Fabric: ASTM A1064/A1064M, steel, welded wire fabric, plain.
	2. Reinforcing Bars: ASTM A615/A615M, Grade 60 deformed steel.



	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Excavating, trenching, and backfilling are specified in Section 312000 "Earth Moving."

	3.2 PIPING INSTALLATION
	A. General Locations and Arrangements: Drawing plans and details to indicate general location and arrangement of underground sanitary sewer piping. Location and arrangement of piping layout take into account design considerations. Install piping as in...
	B. Install piping beginning at low point, true to grades and alignment indicated with unbroken continuity of invert. Place bell ends of piping facing upstream. Install gaskets, seals, sleeves, and couplings according to manufacturer's written instruct...
	C. Install manholes for changes in direction unless fittings are indicated. Use fittings for branch connections unless direct tap into existing sewer is indicated.
	D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes and fittings are connected. Reducing size of piping in direction of flow is prohibited.
	E. When installing pipe under streets or other obstructions that cannot be disturbed, use pipe-jacking process of microtunneling.
	F. Install gravity-flow, nonpressure, drainage piping according to the following:
	1. Install piping pitched down in direction of flow, at minimum slope of 1 percent unless otherwise indicated.
	2. Install piping NPS 6 and larger with restrained joints at tee fittings and at changes in direction. Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary restraint system, or cast-in-place-concrete supports or anchors.
	3. Install piping with 36-inch minimum cover.
	4. Install PVC Type PSM sewer piping according to ASTM D2321 and ASTM F1668.

	G. Clear interior of piping and manholes of dirt and superfluous material as work progresses. Maintain swab or drag in piping, and pull past each joint as it is completed. Place plug in end of incomplete piping at end of day and when work stops.

	3.3 PIPE JOINT CONSTRUCTION
	A. Join gravity-flow, nonpressure, drainage piping according to the following:
	1. Join PVC Type PSM sewer piping according to ASTM D2321 and ASTM D3034 for elastomeric-seal joints or ASTM D3034 for elastomeric-gasket joints.
	2. Join dissimilar pipe materials with nonpressure-type, flexible couplings.

	B. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	1. Use nonpressure flexible couplings where required to join gravity-flow, nonpressure sewer piping unless otherwise indicated.
	a. Unshielded flexible couplings for pipes of same or slightly different OD.
	b. Unshielded, increaser/reducer-pattern, flexible couplings for pipes with different OD.



	3.4 MANHOLE INSTALLATION
	A. General: Install manholes complete with appurtenances and accessories indicated.
	B. Install precast concrete manhole sections with sealants according to ASTM C891.
	C. Form continuous concrete channels and benches between inlets and outlet.
	D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements. Set tops 3 inches above finished surface elsewhere unless otherwise indicated.

	3.5 CONCRETE PLACEMENT
	A. Place cast-in-place concrete according to ACI 318.

	3.6 CLEANOUT INSTALLATION
	A. Install cleanouts and riser extensions from sewer pipes to cleanouts at grade. Use cast-iron soil pipe fittings in sewer pipes at branches for cleanouts, and use cast-iron soil pipe for riser extensions to cleanouts. Install piping so cleanouts ope...
	1. Use Light-Duty, top-loading classification cleanouts in earth or unpaved foot-traffic areas.
	2. Use Heavy-Duty, top-loading classification cleanouts in vehicle-traffic service areas.

	B. Set cleanout frames and covers in earth in cast-in-place-concrete block, 18 by 18 by 12 inches deep. Set with tops 1 inch above surrounding grade.
	C. Set cleanout frames and covers in concrete pavement and roads with tops flush with pavement surface.

	3.7 CONNECTIONS
	A. Make connections to existing piping and underground manholes.
	1. Use commercially manufactured wye fittings for piping branch connections. Remove section of existing pipe, install wye fitting into existing piping, and encase entire wye fitting plus 6-inch overlap with not less than 6 inches of concrete with 28-d...
	2. Make branch connections from side into existing piping, NPS 4 to NPS 20. Remove section of existing pipe, install wye fitting into existing piping, and encase entire wye with not less than 6 inches of concrete with 28-day compressive strength of 30...
	3. Make branch connections from side into existing piping, NPS 21 or larger, or to underground manholes by cutting opening into existing unit large enough to allow 3 inches of concrete to be packed around entering connection. Cut end of connection pip...
	a. Use concrete that will attain a minimum 28-day compressive strength of 3000 psi unless otherwise indicated.
	b. Use epoxy-bonding compound as interface between new and existing concrete and piping materials.

	4. Protect existing piping and manholes to prevent concrete or debris from entering while making tap connections. Remove debris or other extraneous material that may accumulate.


	3.8 CLOSING ABANDONED SANITARY SEWER SYSTEMS
	A. Abandoned Piping: Close open ends of abandoned underground piping indicated to remain in place. Include closures strong enough to withstand hydrostatic and earth pressures that may result after ends of abandoned piping have been closed. Use either ...
	1. Close open ends of piping with at least 8-inch- thick, brick masonry bulkheads.
	2. Close open ends of piping with threaded metal caps, plastic plugs, or other acceptable methods suitable for size and type of material being closed. Do not use wood plugs.

	B. Abandoned Manholes: Excavate around manhole as required and use either procedure below:
	1. Remove manhole and close open ends of remaining piping.
	2. Remove top of manhole down to at least 36 inches below final grade. Fill to within 12 inches of top with stone, rubble, gravel, or compacted dirt. Fill to top with concrete.

	C. Backfill to grade according to Section 312000 "Earth Moving."

	3.9 IDENTIFICATION
	A. Comply with requirements in Section 312000 "Earth Moving" for underground utility identification devices. Arrange for installation of green warning tapes directly over piping and at outside edges of underground manholes.
	1. Use warning tape or detectable warning tape over ferrous piping.
	2. Use detectable warning tape over nonferrous piping and over edges of underground manholes.


	3.10 FIELD QUALITY CONTROL
	A. Inspect interior of piping to determine whether line displacement or other damage has occurred. Inspect after approximately 24 inches of backfill is in place, and again at completion of Project.
	1. Submit separate report for each system inspection.
	2. Defects requiring correction include the following:
	a. Alignment: Less than full diameter of inside of pipe is visible between structures.
	b. Deflection: Flexible piping with deflection that prevents passage of ball or cylinder of size not less than 92.5 percent of piping diameter.
	c. Damage: Crushed, broken, cracked, or otherwise damaged piping.
	d. Infiltration: Water leakage into piping.
	e. Exfiltration: Water leakage from or around piping.

	3. Replace defective piping using new materials, and repeat inspections until defects are within allowances specified.
	4. Reinspect and repeat procedure until results are satisfactory.

	B. Test new piping systems, and parts of existing systems that have been altered, extended, or repaired, for leaks and defects.
	1. Do not enclose, cover, or put into service before inspection and approval.
	2. Test completed piping systems according to requirements of authorities having jurisdiction.
	3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' advance notice.
	4. Submit separate report for each test.
	5. Hydrostatic Tests: Test sanitary sewerage according to requirements of authorities having jurisdiction and the following:
	a. Fill sewer piping with water. Test with pressure of at least 10-foot head of water, and maintain such pressure without leakage for at least 15 minutes.
	b. Close openings in system and fill with water.
	c. Purge air and refill with water.
	d. Disconnect water supply.
	e. Test and inspect joints for leaks.

	6. Manholes: Perform hydraulic test according to ASTM C969.

	C. Leaks and loss in test pressure constitute defects that must be repaired.
	D. Replace leaking piping using new materials, and repeat testing until leakage is within allowances specified.
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	31 - 33 - Civil Combined
	31 1000 Site Clearing
	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.3 SUMMARY
	A. Section Includes:
	1. Protecting existing vegetation to remain.
	2. Removing existing vegetation.
	3. Clearing and grubbing.
	4. Stripping and stockpiling topsoil.
	5. Removing above- and below-grade site improvements.
	6. Disconnecting, capping or sealing, and removing site utilities.
	7. Temporary erosion- and sedimentation-control measures.


	1.4 DEFINITIONS
	A. Subsoil:  All soil beneath the topsoil layer of the soil profile, and typified by the lack of organic matter and soil organisms.
	B. Surface Soil:  Soil that is present at the top layer of the existing soil profile at the Project site.  In undisturbed areas, the surface soil is typically topsoil; but in disturbed areas such as urban environments, the surface soil can be subsoil.
	C. Topsoil:  Top layer of the soil profile consisting of existing native surface topsoil or existing in-place surface soil and is the zone where plant roots grow.
	D. Topsoil:  Top layer of the soil profile consisting of existing native surface topsoil or existing in-place surface soil and is the zone where plant roots grow.  Its appearance is generally friable, pervious, and black or a darker shade of brown, gr...
	E. Plant-Protection Zone:  Area surrounding individual trees, groups of trees, shrubs, or other vegetation to be protected during construction, and indicated on Drawings.
	F. Tree-Protection Zone:  Area surrounding individual trees or groups of trees to be protected during construction, and indicated on Drawings “to remain”.
	G. Vegetation:  Trees, shrubs, groundcovers, grass, and other plants.

	1.5 MATERIAL OWNERSHIP
	A. Except for stripped topsoil and other materials indicated to be stockpiled or otherwise remain Owner's property, cleared materials shall become Contractor's property and shall be removed from Project site.

	1.6 INFORMATIONAL SUBMITTALS
	A. Existing Conditions:  Documentation of existing trees and plantings, adjoining construction, and site improvements that establishes preconstruction conditions that might be misconstrued as damage caused by site clearing.
	1. Use sufficiently detailed photographs or videotape.
	2. Include plans and notations to indicate specific wounds and damage conditions of each tree or other plants designated to remain.

	B. Record Drawings:  Identifying and accurately showing locations of capped utilities and other subsurface structural, electrical, and mechanical conditions.

	1.7 QUALITY ASSURANCE
	A. Preinstallation Conference:  Conduct conference at Project site.

	1.8 PROJECT CONDITIONS
	A. Traffic:  Minimize interference with adjoining roads, streets, walks, and other adjacent occupied or used facilities during site-clearing operations.
	1. Do not close or obstruct streets, walks, or other adjacent occupied or used facilities without permission from Owner and authorities having jurisdiction.
	2. Provide alternate routes around closed or obstructed traffic ways if required by Owner or authorities having jurisdiction.

	B. Salvable Improvements:  Carefully remove items indicated to be salvaged and store on Owner's premises where indicated.
	C. Utility Locator Service:  Notify One Call for area where Project is located before site clearing.
	D. Do not commence site clearing operations until temporary erosion- and sedimentation-control measures are in place.
	E. The following practices are prohibited within protection zones:
	1. Storage of construction materials, debris, or excavated material.
	2. Parking vehicles or equipment.
	3. Foot traffic.
	4. Erection of sheds or structures.
	5. Impoundment of water.
	6. Excavation or other digging unless otherwise indicated.
	7. Attachment of signs to or wrapping materials around trees or plants unless otherwise indicated.

	F. Do not direct vehicle or equipment exhaust towards protection zones.
	G. Prohibit heat sources, flames, ignition sources, and smoking within or near protection zones.
	H. Soil Stripping, Handling, and Stockpiling:  Perform only when the topsoil is dry or slightly moist.


	PART 2 -  PRODUCTS
	2.1 MATERIALS
	A. Satisfactory Soil Material:  Requirements for satisfactory soil material are specified in Section 312000 "Earth Moving."
	1. Obtain approved borrow soil material off-site when satisfactory soil material is not available on-site.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Protect and maintain benchmarks and survey control points from disturbance during construction.
	B. Locate and clearly identify trees, shrubs, and other vegetation to remain.  Flag each tree trunk at 54 inches above the ground.
	C. Protect existing site improvements to remain from damage during construction.
	1. Restore damaged improvements to their original condition, as acceptable to Owner.


	3.2 TEMPORARY EROSION AND SEDIMENTATION CONTROL
	A. Provide temporary erosion- and sedimentation-control measures to prevent soil erosion and discharge of soil-bearing water runoff or airborne dust to adjacent properties and walkways, according to erosion- and sedimentation-control Drawings and requ...
	B. Verify that flows of water redirected from construction areas or generated by construction activity do not enter or cross protection zones.
	C. Inspect, maintain, and repair erosion- and sedimentation-control measures during construction until permanent vegetation has been established.
	D. Remove erosion and sedimentation controls and restore and stabilize areas disturbed during removal.

	3.3 TREE AND PLANT PROTECTION
	A. Repair or replace trees, shrubs, and other vegetation indicated to remain or be relocated that are damaged by construction operations, in a manner approved by Engineer.

	3.4 EXISTING UTILITIES
	A. Locate, identify, disconnect, and seal or cap utilities indicated to be removed.
	1. Arrange with utility companies to shut off indicated utilities.
	2. Owner will arrange to shut off indicated utilities when requested by Contractor.

	B. Locate, identify, and disconnect utilities indicated to be abandoned in place.
	C. Interrupting Existing Utilities:  Do not interrupt utilities serving facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary utility services according to requirement...
	1. Notify Engineer not less than two days in advance of proposed utility interruptions.
	2. Do not proceed with utility interruptions without Engineer's written permission.

	D. Excavate for and remove underground utilities indicated to be removed.

	3.5 CLEARING AND GRUBBING
	A. Remove obstructions, trees, shrubs, and other vegetation to permit installation of new construction.
	1. Do not remove trees, shrubs, and other vegetation indicated to remain or to be relocated.
	2. Grind down stumps and remove roots, obstructions, and debris to a depth of 18 inches below exposed subgrade.
	3. Use only hand methods for grubbing within protection zones.
	4. Chip removed tree branches and dispose of off-site.

	B. Fill depressions caused by clearing and grubbing operations with satisfactory soil material unless further excavation or earthwork is indicated.
	1. Place fill material in horizontal layers not exceeding a loose depth of 8 inches, and compact each layer to a density equal to adjacent original ground.


	3.6 TOPSOIL STRIPPING
	A. Remove sod and grass before stripping topsoil.
	B. Strip topsoil to depth of 6 inches in a manner to prevent intermingling with underlying subsoil or other waste materials.
	1. Remove subsoil and nonsoil materials from topsoil, including clay lumps, gravel, and other objects more than 2 inches in diameter; trash, debris, weeds, roots, and other waste materials.

	C. Stockpile topsoil away from edge of excavations without intermixing with subsoil.  Grade and shape stockpiles to drain surface water.  Cover to prevent windblown dust and erosion by water.
	1. Limit height of topsoil stockpiles to 35 feet.
	2. Do not stockpile topsoil within protection zones.
	3. Stockpile surplus topsoil to allow for respreading deeper topsoil.
	4. Straw mulch and seed.


	3.7 SITE IMPROVEMENTS
	A. Remove existing above- and below-grade improvements as indicated and necessary to facilitate new construction.
	B. Remove slabs, paving, curbs, gutters, and aggregate base as indicated.
	1. Unless existing full-depth joints coincide with line of demolition, neatly saw-cut along line of existing pavement to remain before removing adjacent existing pavement.  Saw-cut faces vertically.
	2. Paint cut ends of steel reinforcement in concrete to remain with two coats of antirust coating, following coating manufacturer's written instructions.  Keep paint off surfaces that will remain exposed.


	3.8 DISPOSAL OF SURPLUS AND WASTE MATERIALS
	A. Remove unsuitable topsoil, obstructions, demolished materials, and waste materials including trash and debris, and legally dispose of them off Owner's property.
	B. Excess suitable soil should be taken to existing stockpile on Owner’s property as shown on plans (requires the installation of stone haul road).
	C. Separate recyclable materials produced during site clearing from other nonrecyclable materials.  Store or stockpile without intermixing with other materials and transport them to recycling facilities.  Do not interfere with other Project work.
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	C. Air-Entraining Admixture: ASTM C260/C260M.
	D. Water: Potable and complying with ASTM C94/C94M.
	B. Add air-entraining admixture at manufacturer's prescribed rate to result in normal-weight concrete at point of placement having an air content as follows:
	1. Air Content: 6 percent plus or minus 1-1/2 percent.

	C. Chemical Admixtures: Use admixtures according to manufacturer's written instructions.
	3.3 JOINTS
	3.4 FLOAT FINISHING
	B. General: Do not add water to concrete surfaces during finishing operations.
	C. Float Finish: Begin the second floating operation when bleedwater sheen has disappeared and concrete surface has stiffened sufficiently to permit operations. Float surface with power-driven floats or by hand floating if area is small or inaccessibl...
	1. Medium-to-Fine-Textured Broom Finish: Draw a soft-bristle broom across float-finished concrete surface, perpendicular to line of traffic, to provide a uniform, fine-line texture.


	3.11 PAVING TOLERANCES
	1. Elevation: 3/4 inch.
	2. Thickness: Plus 3/8 inch minus 1/4 inch.
	3. Surface: Gap below 10-feet-long; unleveled straightedge not to exceed 1/2 inch.
	4. Joint Spacing: 3 inches.
	5. Contraction Joint Depth: Plus 1/4 inch, no minus.
	6. Joint Width: Plus 1/8 inch, no minus.
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	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 SUMMARY
	A. Section includes painted markings applied to asphalt and concrete pavement.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product.
	B. Samples: For each exposed product and for each color and texture specified.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	1. Aexcel Inc.
	2. Ennis-Flint.
	3. Sherwin-Williams Company (The).
	4. Transpo Industries, Inc.


	2.2 PERFORMANCE REQUIREMENTS
	A. Accessibility Standard: Comply with applicable provisions in the USDOJ's "2010 ADA Standards for Accessible Design".

	2.3 PAVEMENT-MARKING PAINT
	A. Pavement-Marking Paint: MPI #32, solvent-borne traffic-marking paint.
	1. Color:  White, Yellow, or Blue as indicated on the plan.

	B. Pavement-Marking Paint: MPI #97, latex traffic-marking paint.
	1. Color:  White, Yellow, or Blue as indicated on the plan.



	PART 3 -  EXECUTION
	3.1 PAVEMENT MARKING
	A. Do not apply pavement-marking paint until layout, colors, and placement have been verified with Architect.
	B. Allow paving to age for a minimum of 30 days before starting pavement marking.
	C. Sweep and clean surface to eliminate loose material and dust.
	D. Apply paint with mechanical equipment to produce pavement markings, of dimensions indicated, with uniform, straight edges. Apply at manufacturer's recommended rates to provide a minimum wet film thickness of 15 mils.
	1. Apply graphic symbols and lettering with paint-resistant, die-cut stencils. Apply paint so that it cannot run beneath stencil.
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	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 SUMMARY
	A. This Section includes the following:
	1. Piping joining materials.
	2. Dielectric fittings.
	3. Sleeves.
	4. Identification devices.
	5. Grout.
	6. Piping system common requirements.
	7. Equipment installation common requirements.
	8. Concrete bases.
	9. Metal supports and anchorages.


	1.3 DEFINITIONS
	A. Exposed Installations: Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.
	B. Concealed Installations: Concealed from view and protected from weather conditions and physical contact by building occupants but subject to outdoor ambient temperatures. Examples include installations within unheated shelters.

	1.4 ACTION SUBMITTALS
	A. Product Data: For the following:
	1. Dielectric fittings.
	2. Identification devices.

	B. Welding certificates.

	1.5 QUALITY ASSURANCE
	A. Steel Support Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Steel Piping Welding: Qualify processes and operators according to ASME Boiler and Pressure Vessel Code: Section IX, "Welding and Brazing Qualifications."
	1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.

	C. Comply with ASME A13.1 for lettering size, length of color field, colors, and viewing angles of identification devices.


	PART 2 -  PRODUCTS
	2.1 PIPING JOINING MATERIALS
	A. Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness, unless otherwise indicated.
	a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

	2. AWWA C110, rubber, flat face, 1/8 inch thick, unless otherwise indicated; and full-face or ring type, unless otherwise indicated.

	B. Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Plastic, Pipe-Flange Gasket, Bolts, and Nuts: Type and material recommended by piping system manufacturer, unless otherwise indicated.
	D. Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to ASTM B 813.
	E. Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for general-duty brazing, unless otherwise indicated; and AWS A5.8, BAg1, silver alloy for refrigerant piping, unless otherwise indicated.
	F. Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	G. Solvent Cements for Joining Plastic Piping:
	1. ABS Piping: ASTM D 2235.
	2. CPVC Piping: ASTM F 493.
	3. PVC Piping: ASTM D 2564. Include primer according to ASTM F 656.
	4. PVC to ABS Piping Transition: ASTM D 3138.

	H. Fiberglass Pipe Adhesive: As furnished or recommended by pipe manufacturer.

	2.2 DIELECTRIC FITTINGS
	A. Dielectric Fittings, General: Assembly of copper alloy and ferrous materials or ferrous material body with separating nonconductive insulating material suitable for system fluid, pressure, and temperature.
	B. Dielectric Unions:
	1. Description: Factory fabricated, union, NPS 2 and smaller.
	a. Pressure Rating:  150 psig minimum at 180 deg F.
	b. End Connections: Solder-joint copper alloy and threaded ferrous; threaded ferrous.


	C. Dielectric Flanges:
	1. Description: Factory-fabricated, bolted, companion-flange assembly, NPS 2-1/2 to NPS 4 and larger.
	a. Pressure Rating:  150 psig minimum.
	b. End Connections: Solder-joint copper alloy and threaded ferrous; threaded solder-joint copper alloy and threaded ferrous.


	D. Dielectric Couplings:
	1. Description: Galvanized-steel coupling with inert and noncorrosive, thermoplastic lining, NPS 3 and smaller.
	a. Pressure Rating: 300 psig at 225 deg F.
	b. End Connections: Threaded.


	E. Dielectric Nipples:
	1. Description: Electroplated steel nipple with inert and noncorrosive, thermoplastic lining.
	a. Pressure Rating:  300 psig at 225 deg F.
	b. End Connections: Threaded or grooved.



	2.3 SLEEVES
	A. Mechanical sleeve seals for pipe penetrations are specified in Section 220517 "Sleeves and Sleeve Seals for Plumbing Piping."
	B. Galvanized-Steel Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with welded longitudinal joint.
	C. Steel Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized, plain ends.
	D. Cast-Iron Sleeves: Cast or fabricated "wall pipe" equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	E. Molded PVC Sleeves: Permanent, with nailing flange for attaching to wooden forms.
	F. PVC Pipe Sleeves: ASTM D 1785, Schedule 40.
	G. Molded PE Sleeves: Reusable, PE, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.

	2.4 IDENTIFICATION DEVICES
	A. Equipment Nameplates: Metal permanently fastened to equipment with data engraved or stamped.
	1. Data: Manufacturer, product name, model number, serial number, capacity, operating and power characteristics, labels of tested compliances, and essential data.
	2. Location: Accessible and visible.

	B. Snap-on Plastic Pipe Markers: Manufacturer's standard preprinted, semirigid, snap-on type. Include color-coding according to ASME A13.1, unless otherwise indicated.
	C. Pipes with OD, Including Insulation, Less Than 6 Inches: Full-band pipe markers, extending 360 degrees around pipe at each location.
	D. Pipes with OD, Including Insulation, 6 Inches and Larger: Either full-band or strip-type pipe markers, at least three times letter height and of length required for label.
	E. Lettering: Use piping system terms indicated and abbreviate only as necessary for each application length.
	1. Arrows: Either integrally with piping system service lettering to accommodate both directions of flow, or as separate unit on each pipe marker to indicate direction of flow.

	F. Plastic Tape: Manufacturer's standard color-coded, pressure-sensitive, self-adhesive vinyl tape, at least 3 mils thick.
	1. Width: 1-1/2 inches on pipes with OD, including insulation, less than 6 inches; 2-1/2 inches for larger pipes.
	2. Color: Comply with ASME A13.1, unless otherwise indicated.

	G. Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch sequenced numbers. Include 5/32-inch hole for fastener.
	1. Material: Valve manufacturer's standard solid plastic.
	2. Size: 1-1/2 inches in diameter, unless otherwise indicated.
	3. Shape: As indicated for each piping system.

	H. Valve Tag Fasteners: Brass, wire-link or beaded chain; or brass S-hooks.
	I. Engraved Plastic-Laminate Signs: ASTM D 709, Type I, cellulose, paper-base, phenolic-resin-laminate engraving stock; Grade ES-2, black surface, black phenolic core, with white melamine subcore, unless otherwise indicated. Fabricate in sizes require...
	1. Engraving: Engraver's standard letter style, of sizes and with terms to match equipment identification.
	2. Thickness: 1/16 inch, for units up to 20 sq. in. or 8 inches in length, and 1/8 inch for larger units.
	3. Fasteners: Self-tapping, stainless-steel screws or contact-type permanent adhesive.

	J. Plastic Equipment Markers: Manufacturer's standard laminated plastic, in the following color codes:
	1. Green: Cooling equipment and components.
	2. Yellow: Heating equipment and components.
	3. Brown: Energy reclamation equipment and components.
	4. Blue: Equipment and components that do not meet criteria above.
	5. Hazardous Equipment: Use colors and designs recommended by ASME A13.1.
	6. Terminology: Match schedules as closely as possible. Include the following:
	a. Name and plan number.
	b. Equipment service.
	c. Design capacity.
	d. Other design parameters such as pressure drop, entering and leaving conditions, and speed.

	7. Size: 2-1/2 by 4 inches for control devices, dampers, and valves; 4-1/2 by 6 inches for equipment.


	2.5 GROUT
	A. Description: ASTM C 1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
	1. Characteristics: Post hardening, volume adjusting, nonstaining, noncorrosive, nongaseous, and recommended for interior and exterior applications.
	2. Design Mix: 5000-psi, 28-day compressive strength.
	3. Packaging: Premixed and factory packaged.



	PART 3 -  EXECUTION
	3.1 DIELECTRIC FITTING APPLICATIONS
	A. Dry Piping Systems: Connect piping of dissimilar metals with the following:
	1. NPS 2 and Smaller: Dielectric unions.
	2. NPS 2-1/2 and Larger: Dielectric flanges.

	B. Wet Piping Systems: Connect piping of dissimilar metals with the following:
	1. NPS 2 and Smaller: Dielectric couplings or dielectric nipples.
	2. NPS 2-1/2 and Larger: Dielectric nipples.


	3.2 PIPING INSTALLATION
	A. Install piping according to the following requirements and utilities Sections specifying piping systems.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems. Indicated locations and arrangements were used to size pipe and calculate friction loss, expansion, pump sizing, and other design considerations. I...
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping to permit valve servicing.
	E. Install piping at indicated slopes.
	F. Install piping free of sags and bends.
	G. Install fittings for changes in direction and branch connections.
	H. Select system components with pressure rating equal to or greater than system operating pressure.
	I. Sleeves are not required for core-drilled holes.
	J. Permanent sleeves are not required for holes formed by removable PE sleeves.
	K. Install sleeves for pipes passing through concrete and masonry walls and concrete floor and roof slabs.
	1. Cut sleeves to length for mounting flush with both surfaces.
	a. Exception: Extend sleeves installed in floors of equipment areas or other wet areas 2 inches Insert dimension above finished floor level.

	2. Install sleeves in new walls and slabs as new walls and slabs are constructed.
	a. PVC Pipe Sleeves: For pipes smaller than NPS 6.
	b. Steel Sheet Sleeves: For pipes NPS 6 and larger, penetrating gypsum-board partitions.


	L. Verify final equipment locations for roughing-in.
	M. Refer to equipment specifications in other Sections for roughing-in requirements.

	3.3 PIPING JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and utilities Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore full ID. Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or damaged. Do not use pipe sections that have cracked or open welds.

	E. Welded Joints: Construct joints according to AWS D10.12/D10.12M, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	F. Flanged Joints: Select appropriate gasket material, size, type, and thickness for service application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.
	G. Grooved Joints: Assemble joints with grooved-end pipe coupling with coupling housing, gasket, lubricant, and bolts according to coupling and fitting manufacturer's written instructions.
	H. Soldered Joints: Apply ASTM B 813 water-flushable flux, unless otherwise indicated, to tube end. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy (0.20 percent maximum lead content) complying wi...
	I. Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	J. Pressure-Sealed Joints: Assemble joints for plain-end copper tube and mechanical pressure seal fitting with proprietary crimping tool to according to fitting manufacturer's written instructions.
	K. Plastic Piping Solvent-Cemented Joints: Clean and dry joining surfaces. Join pipe and fittings according to the following:
	1. Comply with ASTM F 402 for safe-handling practice of cleaners, primers, and solvent cements.
	2. ABS Piping: Join according to ASTM D 2235 and ASTM D 2661 appendixes.
	3. CPVC Piping: Join according to ASTM D 2846/D 2846M Appendix.
	4. PVC Pressure Piping: Join schedule number ASTM D 1785, PVC pipe and PVC socket fittings according to ASTM D 2672. Join other-than-schedule-number PVC pipe and socket fittings according to ASTM D 2855.
	5. PVC Nonpressure Piping: Join according to ASTM D 2855.
	6. PVC to ABS Nonpressure Transition Fittings: Join according to ASTM D 3138 Appendix.

	L. Plastic Pressure Piping Gasketed Joints: Join according to ASTM D 3139.
	M. Plastic Nonpressure Piping Gasketed Joints: Join according to ASTM D 3212.
	N. Plastic Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or paper towels. Join according to ASTM D 2657.
	1. Plain-End PE Pipe and Fittings: Use butt fusion.
	2. Plain-End PE Pipe and Socket Fittings: Use socket fusion.

	O. Bonded Joints: Prepare pipe ends and fittings, apply adhesive, and join according to pipe manufacturer's written instructions.

	3.4 PIPING CONNECTIONS
	A. Make connections according to the following, unless otherwise indicated:
	1. Install unions, in piping NPS 2 and smaller, adjacent to each valve and at final connection to each piece of equipment.
	2. Install flanges, in piping NPS 2-1/2 and larger, adjacent to flanged valves and at final connection to each piece of equipment.
	3. Install dielectric fittings at connections of dissimilar metal pipes.


	3.5 EQUIPMENT INSTALLATION
	A. Install equipment level and plumb, unless otherwise indicated.
	B. Install equipment to facilitate service, maintenance, and repair or replacement of components. Connect equipment for ease of disconnecting, with minimum interference with other installations. Extend grease fittings to an accessible location.
	C. Install equipment to allow right of way to piping systems installed at required slope.

	3.6 IDENTIFICATION
	A. Piping Systems: Install pipe markers on each system. Include arrows showing normal direction of flow.
	1. Plastic markers, with application systems. Install on insulation segment if required for hot noninsulated piping.
	2. Locate pipe markers on exposed piping according to the following:
	a. Near each valve and control device.
	b. Near each branch, excluding short takeoffs for equipment and terminal units. Mark each pipe at branch if flow pattern is not obvious.
	c. Near locations where pipes pass through walls or floors or enter inaccessible enclosures.
	d. At manholes and similar access points that permit view of concealed piping.
	e. Near major equipment items and other points of origination and termination.


	B. Equipment: Install engraved plastic-laminate sign or equipment marker on or near each major item of equipment.
	1. Lettering Size: Minimum 1/4 inch high for name of unit if viewing distance is less than 24 inches, 1/2 inch high for distances up to 72 inches, and proportionately larger lettering for greater distances. Provide secondary lettering two-thirds to th...
	2. Text of Signs: Provide name of identified unit. Include text to distinguish among multiple units, inform user of operational requirements, indicate safety and emergency precautions, and warn of hazards and improper operations.

	C. Adjusting: Relocate identifying devices that become visually blocked by work of this or other Divisions.

	3.7 CONCRETE BASES
	A. Concrete Bases: Anchor equipment to concrete base according to equipment manufacturer's written instructions and according to seismic codes at Project.
	1. Construct concrete bases of dimensions indicated, but not less than 4 inches larger in both directions than supported unit.
	2. Install dowel rods to connect concrete base to concrete floor. Unless otherwise indicated, install dowel rods on 18-inch centers around the full perimeter of base.
	3. Install epoxy-coated anchor bolts for supported equipment that extend through concrete base, and anchor into structural concrete floor.
	4. Place and secure anchorage devices. Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	5. Install anchor bolts to elevations required for proper attachment to supported equipment.
	6. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
	7. Use 3500-psi, 28-day compressive-strength concrete and reinforcement as specified in Section 033000 "Cast-in-Place Concrete."


	3.8 GROUTING
	A. Mix and install grout for equipment base bearing surfaces, pump and other equipment base plates, and anchors.
	B. Clean surfaces that will come into contact with grout.
	C. Provide forms as required for placement of grout.
	D. Avoid air entrapment during placement of grout.
	E. Place grout, completely filling equipment bases.
	F. Place grout on concrete bases and provide smooth bearing surface for equipment.
	G. Place grout around anchors.
	H. Cure placed grout.
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	PART 1 -  GENERAL
	1.1 STIPULATIONS
	A. The specifications sections “General Conditions of the Construction Contract”, “Special Conditions”, and “Division 1 - General Requirements” form a part of this Section by this reference thereto, and shall have the same force and effect as if print...

	1.2 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.3 SUMMARY
	A. Section Includes:
	1. Pipe and fittings.
	2. Nonpressure transition couplings.
	3. Expansion joints and deflection fittings.
	4. Drains.
	5. Encasement for piping.
	6. Catch basins.
	7. Stormwater inlets.
	8. Stormwater disposal systems.


	1.4 ACTION SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:
	1. Stormwater inlets.  Include plans, elevations, sections, details, frames, covers, and grates.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Do not store plastic manholes, pipe, and fittings in direct sunlight.
	B. Protect pipe, pipe fittings, and seals from dirt and damage.
	C. Handle stormwater inlets according to manufacturer's written rigging instructions.

	1.6 PROJECT CONDITIONS
	A. Interruption of Existing Storm Drainage Service:  Do not interrupt service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide temporary service according to requirement...
	1. Notify Owner no fewer than 15 days in advance of proposed interruption of service.
	2. Do not proceed with interruption of service without Owner's written permission.



	PART 2 -  PRODUCTS
	2.1 PE PIPE AND FITTINGS
	A. Corrugated PE Drainage Pipe and Fittings NPS 3 to NPS 10:  AASHTO M 252M, Type S, with smooth waterway for coupling joints.
	1. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket material that mates with tube and fittings.
	2. Soiltight Couplings:  AASHTO M 252M, corrugated, matching tube and fittings.

	B. Corrugated PE Pipe and Fittings NPS 12 to NPS 60:  AASHTO M 294M, Type S, with smooth waterway for coupling joints.
	1. Silttight Couplings:  PE sleeve with ASTM D 1056, Type 2, Class A, Grade 2 gasket material that mates with pipe and fittings.
	2. Soiltight Couplings:  AASHTO M 294M, corrugated, matching pipe and fittings.


	2.2 NONPRESSURE TRANSITION COUPLINGS
	A. Comply with ASTM C 1173, elastomeric, sleeve-type, reducing or transition coupling, for joining underground nonpressure piping.  Include ends of same sizes as piping to be joined, and corrosion-resistant-metal tension band and tightening mechanism ...
	B. Sleeve Materials:
	1. For Plastic Pipes:  ASTM F 477, elastomeric seal or ASTM D 5926, PVC.
	2. For Dissimilar Pipes:  ASTM D 5926, PVC or other material compatible with pipe materials being joined.

	C. Unshielded, Flexible Couplings:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide the following:
	a. Fernco Inc.

	3. Description:  Elastomeric sleeve with stainless-steel shear ring and corrosion-resistant-metal tension band and tightening mechanism on each end.

	D. Ring-Type, Flexible Couplings:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide the following:
	a. Fernco Inc.

	3. Description:  Elastomeric compression seal with dimensions to fit inside bell of larger pipe and for spigot of smaller pipe to fit inside ring.


	2.3 CONCRETE
	A. General:  Cast-in-place concrete according to ACI 318, ACI 350/350R, and the following:
	1. Cement:  ASTM C 150, Type II.
	2. Fine Aggregate:  ASTM C 33, sand.
	3. Coarse Aggregate:  ASTM C 33, crushed gravel.
	4. Water:  Potable.

	B. Portland Cement Design Mix:  4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.
	1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain.
	2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel.

	C. Manhole Channels and Benches:  Factory or field formed from concrete.  Portland cement design mix, 4000 psi minimum, with 0.45 maximum water/cementitious materials ratio.  Include channels and benches in manholes.
	1. Channels:  Concrete invert, formed to same width as connected piping, with height of vertical sides to three-fourths of pipe diameter.  Form curved channels with smooth, uniform radius and slope.
	a. Invert Slope:  2 percent through manhole.

	2. Benches:  Concrete, sloped to drain into channel.
	a. Slope:  4 percent.


	D. Ballast and Pipe Supports:  Portland cement design mix, 3000 psi minimum, with 0.58 maximum water/cementitious materials ratio.
	1. Reinforcing Fabric:  ASTM A 185/A 185M, steel, welded wire fabric, plain.
	2. Reinforcing Bars:  ASTM A 615/A 615M, Grade 60 (420 MPa) deformed steel.


	2.4 STORMWATER INLETS
	A. Yard Inlets: Include heavy duty frames and gates.
	B. Frames and Grates:  Heavy duty, according to utility standards.

	2.5 GROUT
	A. Description: ASTM C1107, Grade B, nonshrink and nonmetallic, dry hydraulic-cement grout.
	1. Characteristics: Post hardening, volume adjusting, nonstaining, noncorrosive, nongaseous, and recommended for interior and exterior applications.
	2. Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
	3. Packaging: Premixed and factory packaged.



	PART 3 -  EXECUTION
	3.1 EARTHWORK
	A. Excavation, trenching, and backfilling are specified in Section 312000 "Earth Moving."

	3.2 PIPING INSTALLATION
	A. General Locations and Arrangements:  Drawing plans and details indicate general location and arrangement of underground storm drainage piping.  Location and arrangement of piping layout take into account design considerations.  Install piping as in...
	B. Install piping beginning at low point, true to grades and alignment indicated with unbroken continuity of invert.  Place bell ends of piping facing upstream.  Install gaskets, seals, sleeves, and couplings according to manufacturer's written instru...
	C. Install manholes for changes in direction unless fittings are indicated.  Use fittings for branch connections unless direct tap into existing sewer is indicated.
	D. Install proper size increasers, reducers, and couplings where different sizes or materials of pipes and fittings are connected.  Reducing size of piping in direction of flow is prohibited.
	E. Install gravity-flow, nonpressure drainage piping according to the following:
	1. Install piping pitched down in direction of flow.
	2. Install piping NPS 6 and larger with restrained joints at tee fittings and at changes in direction.  Use corrosion-resistant rods, pipe or fitting manufacturer's proprietary restraint system, or cast-in-place concrete supports or anchors.
	3. Install piping with 12 inch minimum cover.
	4. Install nonreinforced-concrete sewer piping according to ASTM C 1479 and ACPA's "Concrete Pipe Installation Manual."
	5. Install reinforced-concrete sewer piping according to ASTM C 1479 and ACPA's "Concrete Pipe Installation Manual."


	3.3 PIPE JOINT CONSTRUCTION
	A. Join gravity-flow, nonpressure drainage piping according to the following:
	1. Join corrugated PE piping according to ASTM D 3212 for push-on joints.
	2. ASTM F 794 for gasketed joints.
	3. Join fiberglass sewer piping according to ASTM D 3839 for elastomeric-seal joints.
	4. Join nonreinforced-concrete sewer piping according to ASTM C 14 and ACPA's "Concrete Pipe Installation Manual" for rubber-gasketed joints.
	5. Join reinforced-concrete sewer piping according to ACPA's "Concrete Pipe Installation Manual" for rubber-gasketed joints.
	6. Join dissimilar pipe materials with nonpressure-type flexible couplings.


	3.4 MANHOLE INSTALLATION
	A. General:  Install inlets, complete with appurtenances and accessories indicated.
	B. Install precast concrete inlet sections with sealants according to ASTM C 891.
	C. Where specific inlet construction is not indicated, follow inlet manufacturer's written instructions.
	D. Set tops of frames and covers flush with finished surface of manholes that occur in pavements.  Set tops flush with finished surface elsewhere unless otherwise indicated.

	3.5 CONCRETE PLACEMENT
	A. Place cast-in-place concrete according to ACI 318.

	3.6 CONNECTIONS
	A. Make connections to existing piping and underground manholes.
	1. Use commercially manufactured wye fittings for piping branch connections.  Remove section of existing pipe; install wye fitting into existing piping; and encase entire wye fitting, plus 6-inch overlap, with not less than 6 inches of concrete with 2...
	2. Make branch connections from side into existing piping, NPS 4 to NPS 20.  Remove section of existing pipe, install wye fitting into existing piping, and encase entire wye with not less than 6 inches of concrete with 28-day compressive strength of 3...
	3. Make branch connections from side into existing piping, NPS 21 or larger, or to underground manholes and structures by cutting into existing unit and creating an opening large enough to allow 3 inches of concrete to be packed around entering connec...
	a. Use concrete that will attain a minimum 28-day compressive strength of 4000 psi unless otherwise indicated.
	b. Use epoxy-bonding compound as interface between new and existing concrete and piping materials.

	4. Protect existing piping, manholes, and structures to prevent concrete or debris from entering while making tap connections.  Remove debris or other extraneous material that may accumulate.

	B. Pipe couplings, expansion joints, and deflection fittings with pressure ratings at least equal to piping rating may be used in applications below unless otherwise indicated.
	1. Use nonpressure-type flexible couplings where required to join gravity-flow, nonpressure sewer piping unless otherwise indicated.
	a. Unshielded flexible couplings for same or minor difference OD pipes.
	b. Unshielded, increaser/reducer-pattern, flexible couplings for pipes with different OD.
	c. Ring-type flexible couplings for piping of different sizes where annular space between smaller piping's OD and larger piping's ID permits installation.

	2. Use pressure-type pipe couplings for force-main joints.


	3.7 IDENTIFICATION
	A. Materials and their installation are specified in Section 312000 "Earth Moving." Arrange for installation of green warning tape directly over piping and at outside edge of underground structures.
	1. Use detectable warning tape over ferrous piping.
	2. Use detectable warning tape over nonferrous piping and over edges of underground structures.


	3.8 FIELD QUALITY CONTROL
	A. Inspect interior of piping to determine whether line displacement or other damage has occurred.  Inspect after approximately 24 inches of backfill is in place, and again at completion of Project.
	1. Submit separate reports for each system inspection.
	2. Defects requiring correction include the following:
	a. Alignment:  Less than full diameter of inside of pipe is visible between structures.
	b. Deflection:  Flexible piping with deflection that prevents passage of ball or cylinder of size not less than 92.5 percent of piping diameter.
	c. Damage:  Crushed, broken, cracked, or otherwise damaged piping.
	d. Infiltration:  Water leakage into piping.
	e. Exfiltration:  Water leakage from or around piping.

	3. Replace defective piping using new materials, and repeat inspections until defects are within allowances specified.
	4. Reinspect and repeat procedure until results are satisfactory.

	B. Test new piping systems, and parts of existing systems that have been altered, extended, or repaired, for leaks and defects.
	1. Do not enclose, cover, or put into service before inspection and approval.
	2. Test completed piping systems according to requirements of authorities having jurisdiction.
	3. Schedule tests and inspections by authorities having jurisdiction with at least 24 hours' advance notice.
	4. Submit separate report for each test.
	5. Gravity-Flow Storm Drainage Piping:  Test according to requirements of authorities having jurisdiction, UNI-B-6, and the following:
	a. Exception:  Piping with soiltight joints unless required by authorities having jurisdiction.
	b. Option:  Test plastic piping according to ASTM F 1417.
	c. Option:  Test concrete piping according to ASTM C 924.



	3.9 CLEANING
	A. Clean interior of piping of dirt and superfluous materials.   Flush with water.
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